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ABSTRACT 

This study was designed to investigate the 
effectiveness of a heuristic approach to problem-solving instruction. 
The 330 subjects were randomly assigned to either a Problem Solving, 
Calculator Problem Solving, or Control group. The two experimental 
groups studied problem-solving heuristics applied to nonfoutine 
problems for 18 weeks, after which 102 subjects of 3 ability groups 
were randomly selected for post testing. In an interview setting they 
responded t<v five-selected problems. Seven subjects were identified 
as case studies. Results showed that the experimental groups had 
significantly higher problem-solving success and used more 
strategies. The Calculator Problem Solving subjects were found to 
make fewer computational errors and required significantly less time 
in, problem solving. (Author/MP) 
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Introduction 

There is a concerted effort to infuse problem solving 
into the school mathematics curriculum. One impetus' for 
this movement is the recommendations of the National 
Council of Teachers of Mathematics presented in An Agenda 
for Action (NCTM, 1980). The number one recommendation of 
the report was "Problem solving should be the focus of 
school mathematics i?n the 19B0*s«" Judging from the many 
^publications and conference presentations devoted to 
problem solving it is an idea whose time has^ come. Thus, 
while the mathematics curriculum emphasis in the 1970's was 
back to basics, the emphasis in the 1980's promises to be 
problem solving". 

Although there is much interest in problem salving 
being expressed by practitioners and researchers alike, i 
i many important questions exist. Polya's four steps have 
been widely accepted but do not provide specific directions 
for Reaching problem solving (Polya* 1962). In particular, 
1 i ttle is known about effective instructional methods at 
the elementally school level. The 1980 yearbook of the 
National Council of Teachers of Mathematics, 'Problem 
Solving, provides some guidance for teachers but only 
serves as a beginning to understanding the teaching of 
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problem solving. / ^ 

During the ^1970's, attention tfas given to t/>e 
processes students use in .problem solving. Researchers 
have studied the use of process variables and their 
relation to problem solving success (Kantowski , 1977; 
Lucas, 1974; Schoenf eld, 1979s Webb, 1975, 1979; Zweng„ 
1979) . These studi es have provided useful information 
which has led to the "formulation of several instructional 
methods for teaching problem solving (Lester , 1980). Among 
those methods listed by Lester ares 1) have students solve 
many problems without intervention by the teacherj 2) teach 
specific skills, e.g., draw diagrams, translate word 
problems to number sentences using word clues; and 3) teach 
heuristic strategies.' For this study, the heuristic 
approach was chosen as the instructional method. 

While the teaching of heuristics has proven' effective 
at the university level <Schoenf el d „ 1979), little is known' 
abqiA applications at the elementary school level. It has 
been recommended by Krulik and Rudnick (1980), LeBlanC 
<i£77), lieiring (1980)/ Polya (1974), and Schoenfeld 
<1980). Schaaf (Note 2) developed an instructional program 
designed to teach heuristic strategies. Based in large* 
part on Schaaf * s instructional model, this study^ 
investigated the effectiveness of such a heuristic approach 
to problem solvinq instruction. 

Dramatic Mies and low prices have stimulated many 



professional- groups to call for experimentation with the 
use of calculators (Higqins, 1974j NACOME, 1975s NCTrt, 
1974; NCTM, 19B0) . Studies of calculator use generally 
have taken the fo^m of having one group of pupils use 
calculators for a f\xed period of time and another group 
study the same material without a calculator followed by 
testing for achievement differences. While this type of 
research is essential and valuable, there is a need to 
understand the impact of calculator use on the learning of 
specific domains* 

# 

With the increased use of calculators in elementary 

school mathematics, problem solving of elementary school 

pupils may be enhanced. Since in problem salving it is 

often , necessary ta~"p"OT'Torm d4r-f+tcult~ and lengthy 

i 

computations, the act of switching into the computational 
mode may detract from usinq effective problem solving 
heuristics. Thus, availability . of calculators may 
facilitate the development of problem solving skills. As 
Suydam (1978) states, 

The calculator's relatitnship to problem-solving is a 
question of vital concern. Although the research in 
Suydam* s' 1976 report for the NSF shows conflicting 
reports about ' c dl culator effects on problem solving, 
all of the research. - - had the common element that 
the calculator was adjuct to units in problem 
solving — it wis not incorporated into a specific 



problem solving- strategy* This appears to be the 

best hope for meaningfjjj^use of the calculator 

by incorporating'! t into a specific strategy 
. (pp. iO~il>. 

In solving problems without a calculator, two 
contrasting modes of thought are usually employed. They 
are <1) deciding how to solve the problem and (2) 
performing the .necessary computations. In devising a plaW 
the individual mufet synthesize ideas, try several 
approaches and in general keep a global perspective. On 
the other hand*, paper-and-penci 1 computations necessary to 
solve the problem require rule oriented behavior. It is 
suggested that the extensive time devoted to computations 

may inhjbit^the use of problem solving strategies Jb& 

focusing urCwte £ttenti^pn^on the mechanics of computation. 
In fact, the pupil may see the task as (1) quickly deciding 
what to do and |£) computing to "solve the problem" (Suydam 
and Rieoesel, Note 3). However, if pupils realize that 
computations can be performed quickly and accurately on a 
calculator, they may be able to focus on devising a plan 
and evaluating a derived result. Finally, the calculator 
may become a tool for thinkinq whereby different strategies 
.r. p 'b..lbl.. 

Purpose 

The purpose of this study was to compare the problem 
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•olving .ucc... and strategy u.. of sixth gr.d. pupil. 
influenced by calculator u... Th. following re.e.rch 
ques£it\is wars posed: 

1. Is • heuristic strategy approach to problem 
•olving instruction effective with sixth 
, ¥ grade pupil •? 

'2. After learning to solve problems, with th. .id 
of a calculator, do elementary school pupil. 

a. employ a wider range of problem .olving # 
atrategies? 

b. differ i.n their strategy choice.? 
c require less time in problem solving? 
d., solve more problems correctly? 

3. Is there a differential eff.ct of problem solving 
. instruction and calculator use on pupils of 
varying ability? 



In thirteen empirical studies with elementary school pupil, 
using calculator., nine .tudie. reported achievement 
result, favoring th. calculator group, one favoring th. 
noncalculator group, and thr.e r.port.d mixed re.ult. 
<All.n, 1976; Borden, 1977; Campbell, 1976; Hawthorne, 
1976, Jon.., 1976; N.l.on, 1976; Schafer, 1973, Whe.tley, 
Shumway, Coburn, Reys, Schoen, Wheatley, 8< White, 1979, 
White & Shumway, 1977). Where diff.r.nc.s were found, they 
were on tests of concepts, reasoning, or problem solving. 



In. a large scale study (n»1386, five'fites) the impact 
of calculator use in elementary school mathematics was 
assessed (Wheatley, et. al . , 1979| Shumway, White, 
Wheatley, Reys, Coburn, S< White, 1981)'. Relevant to the 
present study, there were no significant treatment 
differences in mathematics achievement or attitudes. In 
particular, the noncalculator and calculator groups 
performed at the same level on the applications section 
(word problems) of the Stanford Achievement Test. While 
the calculator group did not score significantly higher, it 
must be recognized that the treatment did not emphasize 
problem solving. Furthermore* the level of overall 
calculator use approximated M first time use" in a school. 
With more emphasis "&n calculator use in problem solving, 
differences might be observed. 9 

Kasnic (1977) reports a study of calculator assisted 
problem solving. The sixth grade pupils worked through 
problems in two 50 minute sessions and were then posttested 
on problem solving. There were no treatment differences 
attributable to calculator use. He did find that the 
calculator assisted the low ability problem solvers to 
solve more problems correctly. The study was compounded by 
a school effect; each treatment was in a different school. 
Kasnic r*ecolnmends that future studies of this nature have 
longer treatment periods. 

A study was conducted by Wheatley (19B0) using a 

V3 
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design similar to the one used in the present study with 

50 sixth grade students. Over an eight week period one 

class of sitfth grade pupils studied problem solving without 

calculators while another class taught, by the same teacher 

studied problem solving with the ai^jjo-^ 

Wheat ley found that (!) the ^calculator group used 

significantly more jD£ofe^t~efrf solving processes, <2> the 

calculator group made significantly fewer computational 

errors, and <3) there were no differences i n problem 

solving scores or time for completion of the task. The 

* «* 
results sugaest that, aroblem solving is enhanced by 

calculator use. 

The think-aloud technique has been used successfully 

to study problem 1 solving processes <Dalt(on, 1974; Days, 

1977; Hollander, 1973; Kantowski, 1974; Kilpatrick, 1967* 

« 

Paige & Simon, 1966; Schwieger, 1975; *.Webb, 197S>. 
Recently, Ericsson a*d Simon (1980) put forth a strong 
rationale for using the think-aloud technique. They argue 
that verbalized data should be considered as valid /and 
reliable research data. They further posited that the 
think-aloud process does not interfere with the subjects' 
thinking. However. l L ~y do point out that "Some heeded 
information may not be * vocal ized* when task directed 
processes tafce priority and interrupt the verbals encoding 
and production processfes. " p. 225. This suggests a low 
interference level when using the think-aloud technique. 
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Whila, at timaa, tha child rcay not ba awara of tha 
procaaaaa baing uaad and thua not-ba able to varbaliza hi a 
or har raaaoning, much can ba laarnad uaing tha think-aloud 
tachniqua. « 
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PROCEDURE 

Samp j e 

The subjeqts -for this study were 330 sixth grade 

pupils drawn from a midwestern city of 50,000. The people 

f 

of the city represent a bread spectrum of socioeconomic 
levels. The achievement level of the pupils in the sample 
was near the fiftieth percentile on national norms.* 
Eighteen classes from seven elementary schools and ten 
teachers were represented. The teachers had from one to 37 
years of teaching experience. 

Instrumentation 



problems were piloted with comparable subjects prior to the 



A Problem Solving Test (PST) was constructed to 
the problem solving performance of pupil sT Based on the 
work of Wheatley (1980) , f^ve problems were selected. The, 

with com^arabli 

scheduled interviews. An attempt was made to select 
problems which could be solved by a variety of strategies. 
The five problems used in the interviews are shown in 
Appendix A. 

All five problems were presented to all subjects it? 
thm order shown. The criteria for problem selection is 
given below.' 

1. % The problem can be solved in more than one way? 

2. the problem requires <*ore than one step to 



solution. 

3. The problem requires arithmetic*! computation*. 

4. No simple algorithm is .directly applicable. 

5. The problem is challenging but comprehenfible 
by sixth grade pupils. 

The subject interviews using the PST wer* conducted by 
two two-person teams over a four week period in February 
and March of 1981- immediately following the 18 week 
treatment phase. The thitik-aloud-technique was utilized. 
One experimenter acted as an observer, recording any 
pertinent information while the other experimenter 
presented- the tasks and quest iohed the subject. Each 
interview session was tape recorded for later analysis. A 
coding form developed for the purpose was used to record 
strategy use. computational errors* calculator use. and 

nine other categories of observed behavior. The Interview 

v 

Codng Form is found in Appendix B. The 16 interview 

• 

ratings are listed and defined in Appendix C. Immediately 
following each interview the experimenters discussed the 
coding. Selected sections of the tape recorded protocols 
were played as necessa y to agree on the ratings to be 
assigned. 

* 

The Iowa Problem Solving Pretest and Posttest, Forms 
361 and 562 (Schoen and Oehmke,. 1980) were administered to 
all classes. The pretest was given during the first 



treatment week and the posttest was administered during the 
eighteenth treatment week. The pretest result* were used 
to classify subjects by ability. A Math Attitude and a 
Calculator AttiCude Inventory (shown in Appendix' I}) was 

given on the same* Bay as the Problem Solving Tests. These 

v 

inventories provided a measure of the pupils attitude 
toward math and calculators. The results of the Problem 
Solving pretest provided dat| for classification of 
subjects by ability. 

Design ^ 

Initial ly, the }8 classes were randomly assigned to 
the three treatment groups, ^Calculator . Problem Solving 
(CPS), Problem Solving <PS) , and Control. After school 
began, one class was shifted frpm the PS to the CPS group 
to compensate for ability grouping at one schools The 
number of subjects in each treatment group was, CPS - IJ50, 
PS ■ 73, and Control - 103. In September, just prior to 
the treatment phase, the Iowa Problem 'Sol vi ng Test (Schoen 
and Oehmke, 1980) was administered to all subjects. On the 
basis of the IPSP data, three problem solving ability 
levels wer* determined. The number of subjects in each 
treatment by ability cell is shown in Figure 1. 

A decision was made to have 102 pupils (34 from each 
treatment group) respond to the PST. It was felt that 34 



Ability 



TrtatMnt^ Low ■ Middle High 



CPS 


29 


65 


56 


150 


PS 


20 


36 


19 


75 


Control 


35 


53 

k 


17 


105 




84 


154 


92 


330 



Figure 1. The number of subjects in each Treatment X 
Ability cell. ' 



Treatment 



Ability 


CPS 


PS 


Control 




High 


9 


'9 


9 


27 


Middle , 


16 


16 


16 


48 


Low 


9 


9 


9 


27 




34 


34 


34 


102 



Figure 2* The number of subjects In each Treatment X 
Ability cell taking the FST. 
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in each treatment group was adequate and this was the 
maximum that could be. tested with the PST.\ It was deemed^ 
important to have balanced representation from the three 
ability groups. Further, it was decided to over sample the 
middle ability group. These decisions led to the defl&gn 
shown in Figure 2. * 

The PST was administered as a posttest to the 102 
selected students., The , scoresfrom the PST were analyzed 
usihg a 3 (Treatment) X 3 (Ab>Tity) analaysis of variance. 
If the assumption^ or analysis of variance were not met* 
Wilson n on - yr am ebic procedure* was used < Wilson, 1936) to 
analyze the data. 

The IPST was administered to al 1 .subjects^ in the 
study. Complete data was available, for 330 subjects. The 
data were analyzed using a 3 (Treatment) X 3 (Ability) 
analysis of covariance with ,the pretest as a tov^riate. 

Treatment Materials 

The problem solving Materials were assembled and 
developed by the research teamX The Techniques of Problem 
Solving, Deck D, containing 2<ip problems on cards was 
available in each of the CPS and PS classrooms (Breenes, 
Immerzeel', Ockenga, Scnulman, Spungin, 1980). Teachers 
were encouraged to have pupils complete as many c*rds as 
feasible in the time available. A copy of Keystrokes: 
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Exloring New Topics, was available in each of ^tVe CPS 
claaarooma (Reya, Beatgen, Cobum, Marcucci, Schoan, 
Shuoiway, Wheatley, Wheatley, & White, 1980). Ona chaHange 
problem wis delivered each week on a large poster to 
•further stiumulate problem solving activity. Additionally, 
problems' were selected from other sources. Of particular 
value were the cards developed in the Iowa Problem Solving 
Prpject (Immerzeel, Note 1) and the Lane County Mathematics 
Project (Schaaf, Note 2). Weekly sets of problems were 
prepared for each of the 18 treatment weeks. The first two 
weeks were devoted to introductory activities. During the 
next five weeks, five problem solving strategies were 
taught, one each* week using materials provided by the 
researchers. The five strategies taught were (1) Guess and 
Test, (2) Draw a Diagram, <3) Hake a List. (4) Simplify, 
and (5) Look for a Pattern. Later, \ lesson on Write an 
Equation was taught. Other specific lessons were suggested 
to teachers in subsequent weeks. The last half of the 
treatment ^ pe riod was voted to problem solving without 
focus on any specific strategy. Teachers were directed to 
encourage strategy use. Discussions of the _ strategies 
followed problem solving sessions. 

Calculators were provided for each child in the CPS 
classes. After careful study of the available calculators, 
a decision was made to purchase the Sharp EL 211. This 



model has an eight-digit LCD display, the four arithmetic^ 
functions, percent, memory, squarfe root, and automatic 
•hut-off. The calculator worked* quite well in the study* 
Failure rate was less than one percent and the batteries 
lasted for the duration of the treatment. 
• 

Description of the CPS And PS Treatments 

The Calculator Problem Solving Group and the Problem 
Sol ving Group experienced si mi lar problem sol ving 
activities. The only difference between the two groups was 
the use of calculators. The same problem solving materials 
were distributed each week to the CPS and PS classes. 
Where calculator activity sheets were provided for the CPS 
classes, similar activities were provided for the PS 
classes. In preparing the PS worksheets, references to 
calculators were removed. Every effort was made to provide 
the same experiences for both groups except for the use of 
•calculators. 

In addition to the project materials distributed each 
week, all classes studied from their adopted mathematics 
textbook (Scott, Foresman Series). Teachers were asked to 
plan approximately two days per week for problem solving. 
The "actual time devoted to problem solving varied from 
class to * class but most "teachers did spend the prescribed 
time on problem solving. Some teachers spent more than the 
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two days per week on problem solving. ' 

The cliiits in the Control Group did not study any of 
the problem solving materials. Tpachers were asked to 
teach from their text as prescribed by the school 
administration. 

Weekly plans were developed for classes in the CPS and 
PS treatments. These plans included the following topics.. 

Weeks 1-2 Exploratory activities, introductory problem 

solving, and calculator activities (for the CPS 
Group) 

Week*3* Introduction of the Buess-and-Test strategy 



Wesk 4 Introduction of the Draw-a-Diagram strategy 

Week 5 Introduction of the Make-a-List strategy 

Week 6 , Introduction of the Simplify strategy 

Week 7 . . Introduction of the Look-f or-a-Pattern strategy 

Weeks B-9 Mixed Practice on all strategies 

Week 10 Introduction of the Wri te~an-Equati on strategy 

Weeks 11-18 Mixed practice on all strategies 

> 

In teaching the strategies, teachers would present a 
problem, discuss it with the class, demonstrate the use of 
that particular strategy, and after providing time for 
problem solving, have class discussions in which strategy 
use was discussed. Each week when -a new strategy was 



ERIC * ' 2!) 



17 
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introduced, the strategies previously introduced were 
reviewed and applied. During the week that a particular 
•trategy was introduced, problems which lent themselves to 
• the use of that strategy were included in the problems 
distributed for use. Throughout the treatment, pupils were 
encouraged to select the strategy (s) they wished to use on 
any given problem. Pupils were encouraged to be 
exploratory and use a variety of problem solving 
strategies. Since each teacher was ultimately responsible 
for the instruction in his/her classroom, there was 
variability in the treatment implementation. A copy of the 
^ Flow-Charted Schedule of Activities is shown in Appendix E . 

Case Studies , 



During September, 1980, sev^n^jstjodents from the CPS 
and PS Groups were identified as case study subjects. 
Student* who appeared to be active and able to communicate 
were selectsd. During the treatment phase each of the case 
study subjects was observed weekly by a project staff 
member. Information was recorded on the Case Study 
Observation Form shewn in Appendix F. Only the project 
staff (not classroom teachers) were aware that case studies 
were being prepared. a These seven subjects were 
automatically included in the subsample selected to take 
the PST\ 
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Inservice training 

Three inservice training miioni> each ont and 
one-half hour in length , were conducted for teachers of the 
CPS and PS classes. The first union was held on the 
second day of the school term. This, session presented a 
rationale, overview of the study, and explanations of 
problem solving strategies. During this session, CPS and 
PS teachers met separately with a project director; A 
Teachers Resource Packet was distributed. It contained the 
following items. 

1. project poals » 

2. procedures % 

3. time schedules * 

4. problem solving guidelines 

3. explanations of problem solving strategies 

6. sample problems 

7. ways of, utilizing calculators 

8. teacher log forms 

9. student and teacher record sheets. 

CUitroom obs.rvation. 

Th. el..*., in th. CPS and P8 group* war. visit.d mt 
l.a.t one. a week by a projact .taff m.mb.r. During tha 
vi.it., th. utmii m.mb.r ob.srv^d stud.nt., talk.d with the 
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ttichtr if time permitted, interacted with student*, and 
delivered materials for the following week (selected 
problems and one challenge problem). 

The observations provided the opportunity to determine 
the level and nature of treatment implementation, observe 
case study subjects, gain valuable impressions about the 
problem solving process and help the teacher implement the 
treatment as designed. 
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RESULTS 

The Problem Solving Test 

The scores^of the 102 subjects selected to take the 
PST were analyzed using a 3 X 3 (Treatment by Ability) 
analysis of variance when the statistical assumptions were 
met and by a Wilson's nonparametric analysis of variance 
otherwise. The assumptions were not met for the variables 
Looking Back, Computational Error, Time, Calculator 
Frequency, and Calculator Use. In order to compare the 
performance of the CPS and PS group*, planrted comparison* 
were used. In a similar manner, planned -comparisons were 
used to compare the average score of the CPS and PS groups 
to the Control group. The cell and margin means with 
standard devi ations are shown in ^Tables 1 and 2. 

Strategy Use. The two main effects were significant 
and there was no interaction. As shown in Table 3, the 
treatment effect was highly significant with an F value of 
44.1. The CPS and the PS group means were each 
significantly greater than the Control group means while 
the CPS and PS difference was not significant. The ability 
group means' paralleled the corresponding means on the IPSP 
Test. The differences were significant but less dramatic 
than the treatment means. 



TebU 1 

TrutMie X Ability Meant and Standard Deviation* 
for PST Varlablea 













AMI icy 














fit* 






Middle 






Lot? 




Variable 


CPS 


PS 


Control 


CPS 


PS 


Control 


CPS 


PS 


Control 


Strategy Use 


12.7S . 


13.00 


4.67 


10.13 


11.19 


3.44 


7.89 


6.78 


3.22 


(4.63)* 


(4.21) 


(2.60) 


(2.90) 


(3.39) 


(2.80) 


(3.33) 


(5.36) 


(2.64) 


Succeee 


22*44 


18.00 


8.00 


14.63 


12.63 


3.00 


8.78 


10.78 


3.11 


(7.89) 


(9.15) 


(3.59) 


(7.82) 


(6.28) 


(4.44) 


(6.4<?> 


(9.24) 


(3.18) 


Cat 1m t Ion 


3.33 


3.78 


1.00 


2.63 


2.63 


1.44 


2.67 


2.44 


1.11 


(2.06) 


(1.45) 


(132) 


(2.06) 


(1.59) 


(1.21) 


(2.12) 


(2.13) 


(1.03) 


Repretea tat Ion 


7,22 


7.11 


3.44 


5.50 


6.25 


3.36 


4.00 


5.78 


3.22 


(1.56) 


(1.45) 


(1.42) 


(2.48) 


(1.48) 


(2.22) { 


(1.00) 


(2.05) 


, (1.72) 


Conditions 


3.67 


2.78 


1.78 


2.81 


2.25 


1.00 


1.89 I 


2.22 * 


0.78 


(1.23) 


(0.97) 


(1.09) 


(1.28) 


(0.86) 


(0.73) 


(0.93) v 


^<1.30) ^ 


(0.67) 


Organ Isat Ion 


£ 78 


3.44 


1.67 


2.94 


3.** 


1.19 


2.44 


H78 


1.11 


(2.22) 


(2.30) 


(1.41) 


(2.24) 


(2*31) 


(1.28) 


(1-33) 




(1.69) 


plan 


8.00 


7.44 


3.89 


5.69 


6.50 


4.30 


4.33 . 


/6.00 


5.11 


(1.38) 


(1.01) 


(1.90) 


(2.41) 


(1.03) 


(1.90) 


(1.94) / 


(1.87) 


(0.93) 


Looking Back 


4.00 


4.22 


0.78 


3.00 


2.56 


1.06 




^3.00 


0.44 


(3.35) 


(2.86) 


(0.97) 


(2.00) 


(1.90) 


(1.34) 


(1.86) 


(2.29) 


(0.73) 


Confidence 


7.67 


7.78 


4.00 


6.31 


6.88 


4.38 


5.11 


5.67 


5.11 


(2.06) 


(1.39) 


(2.18) 


(1.58) 


(1.59) 


(2.34) 


(1.69) 


(2.29) 


(1.76) 


Pereiefcanen 

lain *a vnn^e 


7.11 


7*36 


5.36 


6.81 


6.94 


4.31 


6.56 


5.89 


4.00 


(2.13) 


(1.88) 


(1.31) 


(1.36) 


(2.21) 


(2.15) 


(1.42) 


(2.03) 


(2.60) 


Conpotational Error 


0.56 


2.56 


0.44 


1.30 


2.44 


1.69 


2.56 


4.44 


2.33 


(1.13) 


(1.42) 


(0.73) 


(2.42) 


(2.37) 


(2.58) 


(3.25) 


(4.28) 


(3.57) 


Correct Solution 


9.67 


7.33 


3.22 


4 OA 


3. 1 J 




3.*e 


J.eej 


0.89 


(5.39) 


(3.07) 


(2.33) 


(3.64) 


(3.81) 


(2.05) 


(2.51) 


(4.39) 


(1.45) 


Correct Method 


12.00 


10.67 


4.89 


8.06 


7.50 


1.75 


5.33 


6.67 ' 


2.22 




(4.00) 


(4.47) 


(3.48) 


(3.87) 


(2.88) 


(2.52) 


(4.00) 


(4.00) 


(2.11) 


Tint 


32.78 


31.89 


26.22 


29.63 


40.56 


17.75 , 


27.44 


41.33 


15.44 




(15.33) 


(12.17) 


(8.60) 


(7.28) 


(16,41) 


(5.16) 


(8.46) 


(19.71) 


(3.46) 


Calculator 


10.67 


2.44 


4.22 


9.19 


1.81 


2.25 


4.11 


3.67 


0.33 


Proenoncy 


(3.27) 


(5.08) 


(4.92) 


(4.68) 


(2.71) 


(3.13) 


(4.29) 


(4.03) 


(1.00) 


Quality of 


7.00 


2.00 


2.33 


6.00 


1.50 


1.69 


2.89 


2.56 


0.33 


Calculator Ute 


(3.24) 


(4.00) 


(2.69) 


(2.73) 


(2.31) 


(2.52) 


(2.71) 


(2.65) 


(1.00) 


Wote> The ntaaber of 


■ubjecte In each treetnen£ group 


waa 34. 












'standard depletion* 


in perentheteo* 
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Table 2 

Treataent Means on PST Variable. 
Treatment 



Variable 


CPS 


(34) a 


PS 


(34) 


Control 


(34) 


Total 


(102) 


Strategy 


10.2 


(3.9) b 


11.0 


(4.4) 


3.7 


(2.7) 


8.3 


(4.9) 


Success 


15.1 


(8.9) 


13.6 


(8.2) 


4.4 


(4.9) 


11.0 


(8.8) 


Estimation 


2.8 


(2.0) 


2.9 


(1.7) 


1.2 


(1.2) 


2.3 


(1.8) 


Representation 


5.6 


(2.2) 


6.4 


(1.7) 


3.4 


(1.9) 


5.1 


(2.3) 


usee an 
















(1.35 


Conditions 


2.8 


(1.3) 


2.4 


(1.0) 


1.1 


CO. 9) 


2.1 


Organisation 


3.3 


(2.2) 


3.0 


(2.2) 


1.3 


(1.4) 


2.5 


(2.1) 


tflan 


5.9 


(2.5) 


6.6 


(1.4) 


4.5 


(1.7) 


5.7 


U.i) 


X 

Looking Back 


3.3 


(2.4) 


2.9 


(2.2) 


0.8 I 


(1.1) 


2.3 


(2.2) 


Pun ft jl^i m ^ 


O* <J 




6 8 

Q * O 


(1 9) 


U 5 1 


(2 1) 


5 9 


tl 2) 


Persistence 


6.8 


(1.7) 


6.8 


1 

(2.1) 


4.6 1 


(2.2) 


6.1 


(2.2) 


Computational 












(2.6) 






Error 


1.5 


(2.5) 


3.0 


(2.9) 


1.5 1 


2.0 


(2.7) 


Correct Solution 


6.3 


(4.5) 


5.3 


(4.4) 


1.7 1 


(2.2) . 


4.4 


(4.3) 


Correct Method 


8.4 


(4.6) 


8.1 


(3.9) 


2.7 1 


(2.9) 


6.4 


(4.6) 


Tlae 


29.9 


(10.1) 


38.5 


(16.4) 


19.4 1 


[7.5) 


29.3 


(14.2) 


Calculator 


















Frequency 


8.2 


(5.3) 


2.5 


(3.8) 


2.3 1 


(3.6) 


4.6 


(5.4) 


Calculator Use 


5.4 


(3.2) 


1.9 


(2.9) 


a. 5 1 


[2.3) 


3,0 

-vr - 


(3.3) 


*See Table 1. 
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Standard deviations In parentheses. 
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Table 3 



Analysis of Variance on the PST Variable 
Strategy Use 



Source 


df 


T 


F 




Treatment <T) 


2 


549.088 


44. 110 


*** 


Ability (A) 


2 ' 


83.810 


6.733 


** 


A X T 


4 


8.212 


.660 




Error 


93 


12.448 







** p< .01 
*** p< .001 




Control PS CPS 



Figure 3. Ability by Treatment Interaction for 
Frequency of Strategy Uee. 
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T«bl« 4 

Analysis of Variance on the> PST Variable 

Success 



Source 



df 



MS 



Treatment <T) 

Ability (A) 
A X T 
Error 



2 
2 
4 
93 



US4.77S 
536.110 
4JU117 
46.406 



24.884 **« 
11.596 *** 
1.058 



m p< .001 
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Figure 4. Ability by Treatment Interaction for Success, 
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3ucctM» The two main effects were significant and 
there wag no interaction. As shown in 1 Table 4, the 
Treatment effect was highly significant with an F value of 
24. 9. The CPS and the PS group means were each 
significantly greater than the Control group mean while the 
CPSHPS difference was not significant. The Ability effect 
was significant with higher ability groups havirg higher 
means. T^jfe within treatment ability differences were 
somewhat greater for the CPS group than the PS or Control 
groups. This observation is important because the same 
pattern was noted on other variables. 

Estimation. As can be seen in Table 5, only the 
Treatment main effect was significant (F « 10.5). The CPS 

and PS group means were each significantly greater than the 

♦ 

Control group mtoan, while there was no difference in the 

0 

meajis of the CPS and the PS groups. The high ability PS 
group had a higher mean than the CPS group in an absolute 
rather than a statistical sense. It may be that high 
ability students learn to estimate better without a 

calcul ator . 

1 

Represent at i on . The two main ef f ecta. were/signif icant 
and there was no interaction (see Table 6). /The treatment 
effect was highly significant with an F value of 22.6. The 
CPS and the PS group means were each significantly greater 
than the Control group mean while the CPS-PS difference was 
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Table 5 



An«ly«i» of V*rUnc» on th« PST Varinbl* 
Estimation 



Sourc* 



df 



MS 



Tr»«tm«nt (T) 

Ability (A) 
A X B 
Error 



2 
2 
4 
93 



29.686 
3.000 
2. 121 
2.640 



10.454 *** 
1.056 
.747 



*** p< ,.001 
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Figur* 5. Ability by Treatntnt Interaction 
for Eitlaation. 
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T«bl« 6 








Analy»i» of 


Variance on th» 
R»pr*»«nt«tion 


P3T Variable 


r 




Source 


df 


MS F 




* 



Treatment <T) 

Ability (A) 
/AH 
Error 



2 
2 
4 
93 



77.029 
17. 129 
5.389 
3.406 



22.619 *** 
5.03 tt 
1 . 582 



** D< .01 
*t* p< .001 



8t 
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Figure 6. Ability by Trtatmtnt interaction 
for Representation. 
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^not * significant. The Ability effect was significant 
<p<.01) with higher ability groups having higher means. 
, Figure* 6 shows one interesting pattern. The low ability 
CPS group mean was lower than jthe low ability PS group 
mean. This will be discussed in the next chapter. 

' Used al 1 Condi t i ons . The two main 'effects were 
significant and there was no interaction (see Table 7). 
The Treatment effect was highly significant with an F 'alue 
of 24.1. The CPS and the PS group means were each 
significantly greater than the Control g, uup mean while the 
CPS-PS difference was not significant. A% shown in Figure 
7, higher *£ility groups had hiqher means. 

Organization. The two main effects were significant 
and there was no interaction (see Table 8).. The Treatment 
effect was highly significant with an F value of 11.2. The 
CPS and the PS group means were each significantly greater 
than the Control qroup mean while the CPS-PS difference was 
not significant. The ability differences were relatively 
small in the directions one would expect. 

frlan. There was a significant interaction of 
Treatment and Ability (seo Table 9). This interaction 
resulted from a reverse ordering of the means for the 
ability groups in the Control group (see Figure 9). The 
pattern of means for the PS and CPS groups was similar to 
that for the previous variables. The Treatment main effect 

ERIC 41 
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Table 7 

Analysis taf Variance "on the PST Variable 
Conditions 



Source df MS 



Treatment <T> 2 24.980 24.062 *** 

Ability <A> 2 8.677 8.358 ** 

A * T 4 9.88 .952 

Error 93 1.038 



** p< .01 
*** p< .001 
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Figure 7. Ability by Treatment Interaction 
for Conditions. 
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• ' Table 8 

Analysis o-f Variance on the PST Variabli 
Organization 



Source 



MS 



Treatment <T> 

Ability (A) 
A X T 
Error 



* 



p< .05 
p< .01 



2 
4 

93 



39 647 
15.568 
4.306 
3.524 



1 1 . 250 
4.417 



** 



4 - 



2 




Legend 
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Ability 



Control 



PS 



CPS 



Figure 8.. Ability by Treatment Interaction 
for Organization 
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Table- 9 



<5 



Analyeia of Variance on the PST Variabl< 

Plan 



Source df MS 



Treatment <T) 2 39.773 13.237 *** 

Ability <A> 2 12.037 4.006 * 

A X T 4 13.725 4.568 ** 

Error 93 3.005 



* p<.05 
** p< .01 
**♦ p< .001 
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Figure 9. Ability by Treatment Interaction 
for Plan. 
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F was 13.2 with the CPS and PS group means higher than the 
Control group mean. 

Looking Back. The Wilson flNQVA showed a pronounced 
Treatment effect (see Table 10). Figure 10 shows that the 
CPS and PS group means were much greater than the Control 
group mean. There were no Ability effects. 

Confidence. There was" a significant Treatment main 
effect (see Table 11). The CPS and PS group means were 
significantly greater than the Control group mean while the 
CPS and PS did not differ. Al thougti^t><e Ability main 
effect was not significant , the predicted ability 
differences were observed in the PS and CPS groups but in 
the Control group they were neutralized by a reverse 
ordering of the ability means (see Figune M). 

Persistence. There w*n a significant Treatment main 
effect (see Table 12). The CPS and PS group means were 
each significantly greater than the Control group mean 
while the CPS and PS means did not differ. There were no 
Ability or interaction effects. 

Comput at i on al Error . Because the Computational Error 
scores were not normally distributed, parametric ANOVA 
procedures could not be used. Wilson's ANOVA procedures 
showed a significant Treatment effect but no Ability or 
interaction effects (see Table 13). The PS group made 



ERJC 



45 



33 



Table- 10 



Wilaon'a Two-Way Analyaia of Variance* on 
tha PST Variable Looking Back 



Source 



-df 



Treatment <T) 

Ability <A> 
A X T 
Total 



2 
2 
4 
6 



24.267 
. .180 
2.639 

27.087 



*** 



*t* p< .001 



H T 



3- 



? -- 



1 




Legend 
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Control fS 

Figure 10. Ability by Treatment Interaction 
for Looklrig Back. 
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Table tl' 

Analysis of Variance on the PSI Variable 
Con-f i dance 



Source df MS 



Treatment <T> 

Ability (A) 
A X T 
Error 



2 
2 
4 
93 



51.773 
9.497 
9.132 
3.394 



14.403 
2.642 
2.541 



t** 



*t* p< .001 
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Figure 11. Ability by Treatment Interact ion 
for Confidence. 
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Table 12 

Analvaia of Variance on tha PST Variable 
Peraiatenca 



Sourca df MS 



Traatmant <T> 2 58.127 14.800 «** 

Ability <A> 2 10.B07 2.752 

A x T 4 1.348 .343 

Error 93 3.927 



»** p< .001 
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Figure 12. Ability by Treatment Interaction 
for Perelftence. 
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Tabls 13 

Wilson's Two-W*y Analysis of Variance on 
ths PST Variable Computational Errors. 



Sourcs <jf X 











Treatment 


<T) 


2 


12.584 ** 


Ability 


(A) 


2 


2.783 


A X T 




4 


3.744 


Total 




8 


19.111 

1 , 



** p< .01 




Legend 
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-A- Low 
Ability 



Control PS CPS 



Figure 13. Ability by Treatment Interaction for 
the Number of Computet ion a.1 Errors. 
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Table 14 

Analysis of Variance on the PST Variable 
Correct Solution 



Source df . • MS 



Treatment (T) % 2 197.922 15.565 *** 

Ability <A> 2 120.168 9.450 *** 

A X T 4 8.941 .703 

Error 93 12.716 



*** p< .001 




Control PS CPS 



Figure H. Ability by Treatment Interaction for 
Correct Solution. 
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Table 15 

An«ly«i« of Variance dn tha PST Variabli 
Corract Mathod 



Source 



d-f 



MS 



Treatment <T) 
Ability <A» 
A X T 
Error 



*** p< .001 



2 
2 
4 
93 



348.951 
151.391 
10.864 
12.047 



28.966 *** 
12.567 *** 
.902 
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Figure 15a Ability by Treatment Interaction for 
Cornet Mtthod. 
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Table 16 

Wiloon'a Two-Way Analyaia of Variance on 
the P8T Variable Time 



Sour c a 



df 



Treatment <T) 

Ability (A) 
A X T 
Total 



*»* p< .001 



1 

X 



i 



38 



24 



12 •- 



2 
2 
4 
8 



24.284 
2.642 

10.322 
37.24S 



ft** 




Letend 
"it* 

-a- Middle 

Low 

Ability' 



Control 



PS 



CPS 
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Figure 16. Ability by Treatment Interaction for 
the Total Tiae in Minutes. \ 
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signi-f icantly more errors than either the CPS or Control 
group.., In both jth*"" Control and CPS groups the Ability 
group differences were large in the predicted directions 
(See Figure 13). The number of computational error* of £he 
PS* CPS, and Control groups were, reepecti vely, 3.0, 1.5; 
and 1.5. 

Correct Solution. The Success score wae the sum o-f 
the Correct Solution and the Correct Method scores. As can 
be seen -from J^urfi 14 and 15, the results for both 
Correct Solution and Correct Method were quite similar and 
paralleled the results for Success. 

Time. The Time variable was examined using Wilson's 
ANOVA. There was a significant interaction effect (see 
Table 16 and^Figure 16) resulting from a disordinal 
performance of the high ability PS group. There was little 
difference between the means of the high ability groups 
across treatment. The results for the low and middle 
ability groups were nearly identical within treatment, 
while the PS subjects took longer than either the CPS or 
Control subjects. 

Cal cul ator Frequency. Wi 1 son 9 s ANOVA reveal ed a 
Treatment by Ability i nteracti onlsee Table 17). As can be 
■••n in* Fig^ure^ 17, this interaction resulted -from the 
disordinal performance of the ability groups in the PS 
treatment. In both th* Control and CPS groups, the higher 
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Tabla 17 



Wilaon'a Two-W«y Antlyaia of Varianca on 
tha PST Variable Calculator Fraquancy 



\ 



Sour c a 


df 


x 2 - 




- > 


Traatmant (T) 

Ability (A) 

a\t 

Total 

\ 


2 
2 
4 

e 


* 17.949 *i* 
.391 
8. 165 
26.505 


* 





**» ;P< .001 




Ug«nd 

High 
-S- Middle 

Low 
Ability 
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Table 18 



Wilson' 


■ Two-Way 


Analysis of Variance on 


• PST 


Variable 


Quality of Calculator Use 


Source 


df 




Treatment <T) 


JL. 


19.419 *** 


Ability (A) 


2 


.290 


A X T 


4 


6.961 


Total 


e 


26.670 



*** p4 .ooi 




Legend 

-e-High 
-&- Middle "' 
~ A ~ Low 
Ability 



Control PS CPS 



Figure 18. Ability by Treatment Interaction for 
Quality of Calculator Use, 
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Table 19 

Intercorrelations of 16 In tervie/Ra tings (n-102) 

Variable 





2 3 


4 


5 


6 


7 s 


8 


9 


10 


11 


12 


13 


14 


15 


16 


1. 


Strategy .79 .57 


.74 


.75 


.67 


.65 


.67 


.60 


.61 


-.04 


.71 


.80 


.52 


.37 


.42 


2. 


Success .55 


.74 


.85, 


.58 


.69 


.70 


.55 


.66 


-.22 


.96 


.96 


.37 


.48 


.51 


3. 


Estimation 


.65 


.43 


.33 


.56 




.57 


.40 


-.11 


.54 


.55 


.17 


.30 


.36 


4. 


Representation 




.60 


.54 


.84 


T66 


.59 


.64 


-.06 


..9 


.74 


.39 


.25 


.30 


5. 


Used all Conditions 






.49 


.52 


.57 


.38 


.60 


-.12 


.75 


.84 


.44 


.47 


.52 


6. 


Organisation 








.53 


.48 


.41 


.39 


-.06 


.55 


.60 


.24 


.25 


.22 


7. 


Plan 




• 






.58 


.60 


.48 


-.06 


.63 


.68 


.19 


.20 


.22 


8. 


Looking Back 












.46 


.58 


-.06 


.70 


.66 


.47 


.35 


.36 


9. 


Confidence 














.42 


-.66 


.53 


.52 


.15 


.29 


.35 


10. 


Persistence 
















.06 


.62 


.64 


.50 


.28 


^.32 


11. 


Computational Error 


















-.31 


-.13 


.27 


-.32 


-.31 


12. 


Correct Solution 




















.87 


.30 


.49 


.50 


13. 


Correct Method 






















.41 


.43 


.46 


14. 


Time 
























.14 


.16 


15. 


Calculator Frequency 


























.90 


16. 


Calculator Use 
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the ability, the more often the calculator was used. 
However, in the PS qroup, the low ability eubjecta used tha 
calculator moat frequently It is intereating to note that 
while low ability Control subjects made almost no use of 
the calculator, the low ability PS group made more use of 
the calculator than either the middle or even the high 
ability group. Yet the low ability CPS group made 
relatively little use of the calculator compared to the 
other CPS ability qroups. The Treatment effect was quite 
pronounced with CPS subjects using calculators much more 
frequently than either* of the other two treatment groups 
(8.9 vs. 2.6 and 2.3). Figure 17 shows that thfcre were 
large mean differences between the ability groups within 
the CPS group with frequency of usu parallelling ability. 
This will be discussed at length in the next chapter. 

Quality of Calculator Use. The results for this 
variable are quite similar to frequency of use (see Table 
18 and Figure 18) . Evidently these two variables were 
measuring the same subject characteristics. 
Interrelationship of variables on the PST 

An examination of the intercorrelation matrix of the 
16 PST variables showed that most variables were highly 
correlated (see Table 19). A factor analysis of the 16 PST 
variables was performed usinq a varimax rotation. , The 
results are shown in Table 20. Three factors resulted. It 
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is clear that the/vari abl e*> loading on factor one, Success, 
Conditions, Representation, Estimation, Looki nq Back, 
Organisation, Conf idence, Persistence, and Pi an are 

9 

measurinq the same general attribute. Factor One could be 
cal led a problem sol vi ng performance factor. fable 19 
shows that these variables were indeed highly correlated. 
Factor Two could be called a time factor. Note that 
peffletence tends to load or) this factor; not an unexpected 
result. The third factor represents a calculator effect 
factor. Calculator Frequency ^and Calculator Use do not 
load on either of the other two factors. 

Table 21 shows regression analyses using Success as 
the dependent variable and the other 13 variables as 
independent variables (Correct Solution and Correct Method 
were omitted because they are components of Success). All 
possible subsets were considered in the analysis (McCabe, 
1978). The best sinqle predictor of Success was 
Conditions, accounting for 567- of the variance. The best 
combination of five predictors wer^ Conditions, 
Representation, Loq* inq Back, Confidence, and 

Computational Error which taqether accounted for 36% of the 
variance. 

Number of strategies used 

In an attempt to understand the nature of strateqy 
use, several analyses of strategy use were performed. The 
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Tab la 20 



Factor Analysis of 16 PST Variables 
Aftar Varimax Rotation 



Variable Factor 1 


r actor 2 


Factor 3 


Strategy 


" i 

.79 


* nil 
• 24 


. 34 


Success 


.85 


• 39 


. 18 


Estimation 


.65 


a if 


-.02 


Representation 


.88 


• 06 


. 16 


Used all Conditions 


.65 


.41 


. 33 


Organization 


.62 ' 


. 1 1 


, • 13 


Plan 


.86 


— .01 


04 


Looking Back 

4 


. 70 


. 21 


. 27 


Conf idanca 


.65 


. 15 


-.03 


Parsistanca 


.60 


. 17 


.42 


Computational Error 


-.11 


-.37 - 


.36 


Corract Solufion 


.80 


.40 


. 10 


Corract Mathod 


.83 


.32 


.24 


Ti'ma 


.25 


.06 


.84 


Calculator Freq. 


.19 


.93 


.06 


Calculator Usa 


.23 


.92 


. 05 



CO 



-err 



Table 21 

Regressions Analyses o-f Interview Ratings 
with Success as the Dependent Variable 



Variables in Regr ession 

One at a Time 



Condition! t73 

Strategies .62 

R*f resent at i on 55 

Looking Back * a 50 

PI an I \ 47 

Persistence ,43 

Organisation .34 

Confidenc* .31 

Estimation . ,31 

Calculator Use .26 

Calculator Frequency .24 

Time . l4 

Computational Error .05 



Five at a Timi 



Conditions 
Representations 

Looking Back .86 
Confidence 

Computati onal Error 
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Table 22 

Average Number of Different Strategies Used 





per 


Subject on All Problems 










Treatment Qrouo 












PS 


Control 


- 




Mean 


3.47 


3. 56 


1.76 






S.D. 


1.02 


1 .28 


1.22 




• 




* 


Table 23 










Number of Subjects Using 
Each Strategy on 
Problem One 





; 






Treatment Group 








Strategy 




CPS PS 


C 


Total 




Guess and Test 


20 23 


3 


46 




Draw a Diagram 


0 1 


0 


1 




Make a List 


1 J 


0 


2 




Simplify 




0 0 


0 


0 




Look for 


a Pattern 


2 4 


0 


6 




Write an 


Equation 


0 1 


0 


1 




Others 




1 1 


0 


2 




Total 




24 31 


3 


SB 





Note. The number of subjects in each 
treatment group was 34. 
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Table 24 



Number of Subject* Ueing 
Each Strategy on 
Problem Two 



Strategy 


Traatmant Group 
CPS PS 


C 


Total 


Que** and Teet 


5 


2 


1 


8 


Draw a Diagram 




0 


0 


1 




24 


22 


10 


56 


Simplify 


0 


0 


0 


0 


Look for a Pattarn 


31 


29 


20 


SO 


Writ* an Equation 


0 


0 


0 


0 


Othara 


4 


4 


0 

a 


8 


Total 


65 


57 


31 


153 


i 











Note. The number of eubjecte in each 
treatment group was 34. 
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Table 25 



Number of Subject* Using 
Each Strategy on 
Problem Three 



Strategy 



Treatment Group 
CPS PS . 



Gueas and Teat 

Draw a Diagram 
Make a Liat 

Simplify 

Look far a Pattern 
Write an Equation 
Others 



20 
0 

o 

2 
0 
3 



16 

0 

_JL 
1 
o 

0 
10 



5 

0 

4 

1 



0 
1 



\ 0 



Total 



41 

0 

_3L 



1 

3 
0 
16 



Total 



26 



28 



10 



64 



Note. The number of subjects in each 
treatment group was 34. 
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Table 26 

Number of Subject* Using 
Each Strategy on 
Problem Four 











* 


Strategy 


Treatment 


Group 






CPS 


PS 


C 


Total 


Buses and Teat 


2 


0 


0 


2 


Draw a Diagram 


12 


12 


4 


28 


Hake a List 


0 


1 


o 


1 


Simplify 


0 


1 


0 


1 


Look for * Pattern 


0 


0 


0 


0 


Write an Equation 


0 


0 


0 


0 


Others 


5 


3 


0 


8 


Total 


19 


17 


4 


40 




r- 




• 





Note. The humber of subjects in each f 
. treatment group was 34. 




Table 27 



Number of Subjects Using 
Each Strategy on 
Problem Five 



Strategy 


Tr»atm«^t 
CPS 4 


♦ 

Group 
PS 


C 


* 

,Jot*l 


Que** and Test 


29 


31 


20 


BO 


Draw a Diagram 


1 


2 


0 


3 


Make a List 


16 


21 


2 


39 


Simpl if y 


0 


0 


0 


0 


Look for a Pattern 


4 


6 


0 


10 


Write an Equation 


0 


0 


0 


0 


Others ) 

0 


6 


2 


1 


9 


Total 


56 


62 


23 


- 141 



Note. The number of subjects in each 
treatment group was 34- 
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main number of different strategies uitdb/ uch subject on 
the five problems &f the PST was computed for such 
treatment group. Results are shown in Table 22. The CPS 
and PS group* used a greater variety of strategies than the 
Control group while there w*. no difference between tn^ CPS 
and PS groupa. The CPS and PS group* averaged more than 
three different strategies used on the PST while the 
Control group averaged leM^jtban two strategics. 

Table* 23-27 nKa* the number of eubjecte using «ach 
■trategy on each problem. It can be observed that the CPS 
and PS groups consistently used more strategies than the 
Control group irrespective of the particular problem.. 
Results on the Iowa Problem Solving Project Test 

The analysis of covariance on the IPSP posttest scores 
with IPSP pretest as a covariate resulted in a Treatment F 
value of 4.61, ^significant at the .01 level (sue Table 2B>. 
The IPSP posttest means were 20.4, 19.3, and 17.7 for the 
CPS, PS, and Control groups respectively. Using 
Newman-Keul ' s post hoc analysis on difference of means, it 
was found that the CPS mean was greater than the Control 
group mean but all other differences were nonsignificant. 
However, the PS-Control comparison approached significance 
at the .03 level. The analysis for the 102 subjects taking 
the PST is shown in Table 29. Thus, not only did the 
Success score on the PST show treatment differences but the 
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Table 28 



Analysis a* Covariance of IPSP Posttest 
Total Sample with Pretest Scores as 


Scores for the 
a Covariate, 


Source df MS 




Treatment (T> '2 114.734 
Ability <A) 2 2.166 
A K T 4 17. 165 . 
Error s 320 12.225 


9.3B5 **t 

. 177 
1.404 


*** p< .dot 




Table 29 

Analysis of Covariance on, IPSP Postteat 
Interviewed Subjects with Pretest Scores 




Scores for the 
as' a Covariate 


Source * df MS 


F 


Treatment (T) 2 61.56 
Ability (A) , * 2 12.98 
A X T 4 3.13 
Error *2 13.36 


4.61 ** 
.97 
.23 



** p< .01 



t 
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IPSP results substantiate this -finding. Taken toqether the 
two results provide strong support for the statement that 
the problem solving treatment was effective in irmpfoving 
problem solving performance. ^ 



ERJC C'J 



Case Studies 

Case Study Identification and Data Collection 

The cm study subjects were identified during the 
firet three weeks of school. In order to obtain information 
about students for came study identif ication, student* in 
group* of five to seven, were interviewed informally about 
summer vacation, hobbies, interests, and school. Students 
were also observed in mathematics class during regular 
visits. Specific notes were made about the responsiveness 
and participation of each child. Based on the interviews* 
and observations, seven students were identified as case 
study subjects. Criteria for case study selection weres 

1. Only students in the PS or CPS treatment qroup 
were considered. ^ 

2. Bo£h boys and qirls were represented. 

3. The case study subjects were able to v 
communicate orallv to teachers, observers, 

and other students. 

4. Each of the .high, middle, and low ability 
groups were represented. 

)jf Only the investigating team knew of the selection of 

case study subjects. Teachers, parents, or students were 
not informed of this aspect of the project until May, 1981. 

The case study subjects were obeerved each week during 
the_ treatment phase of the project. An observation form was 
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developed for use during these observations. Every effort 
was made 'to observe closely and to talk with the case study 
subjects in a group or individually during each visit. 

The teachers were V asked to keep a semester log of 
observations and comments. Information in the teachers' log 
related to case Study subjects • was combined with the 
observational data recorded by the investigating team in 
preparing the case study reports. 

At the -end of the^ treatment phase of the project,, each 
case study subject was interviewed to obtain responses to 
specific questions. A list of questions for interviews with 
case study subjects, parents, and teachers was written and 
compiled for use at the end of the observation period. 
These *quest ions were the basis for discussion, yet the 
questions were not posed in a fixed order. A member of the 
investigating team conducted an interview with the subject, 
the present teacher « the former teacher, and one parent. 
Direct quotes were recorded during the interview. 

The case study subjects were included in the sample of 
subjects to tale the PST. Sample work was also collected 
where possible. 

Each case study subject folder included: 

1. Completed observational forms 

2. Pretest and pastiest data 

3. Attitude dafa 
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4. Anecdotal data 

5. Subject interview question responses 

6. Parent/teacher interview responses 

The above data constituted the information for this phase of 
the final report; Figure 19 summarizes the case study 
identification and data collecting process. 
Descripti on of the case study subjects 

Paula is a typical sixth grade girl who has a strong 
drive to be popular with her peers. She is pleasant, kind, 
and most cooperative. She is a high average achiever who 
receives good grades yet does not score as well on 
achievement tests. She has always been rated superior by 
her teachers on school tasks and daily assignments. She 
excels in carrying-out tasks by following explicit 
directions. Paula's parents are both active in community 
affairs, and her social posture in school reflects her 
parents' social concerns. She strives for peer approval. 
Often it was difficult to observe Paula because she was 
hesitant to share her work. She did not want to make 
mistakes or to be seen usinq a "wrong" method. 

Bob is a below average student who has strong family 
support. He is a typical boy with interest in baseball, 



* The names of the case study subjects have been changed 
to protect their anonymity. 
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FJqure 19. Case study identification process and data collection process 
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basketball, and campinq-r-^ He 'could be classified as a 
plodder; as one who works dilligenbk^ Reading and math 
have presented him problems throughout., his school years. 
Although he is a cooperative student and tries to please, he 
is not enthusiastic about school work. 

Bill is a quiet, sensitive boy who achieves low average 
results. He is serious about school and tries to please his 
teachers and parents. Bill has reacted negatively to a 
younger sibling who receives much attention due to a medical 

0 

problem. Bll blossoms with success and support. Because of 
his sensitivity and passivity, he is not well accepted by 
his peers. Without peer acceptance, he chooses to play with 
younger children or qirls. He is known to be a follower or 
a loner in school. Bill provided us with some insightful 
data throughout the study. 

Tom is a briqht-eyed, active, alert boy who responds to 
a challenge; the biqqer the task, the harder he works and 
achieves. He has presented his teachers and parents 
problems in previous years due to his poor achievement and 
work habits- Tom is classified as an under-achiever . He 

4 

has not become responsible for his own learning and thus is 
unable to direct his efforts toward positive results. He 
has a stable family structure providing him much support. 
Tom provided us much insiqht into how a briqht student copes 
and survives in school. 
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Harry is a slcJw student who has a history of poor 
school achievement and poor study habits. In previous years 

it*- ranking*-- on naTTon* I achIliv¥menTl:ests "range 




between the 10-20 percentiles. (Current year - 17th 
percentila.) He also has had family problems which cause 
him much dif/^ulty; problems like re-adjustment to a new 
father, step brothers, and step Misters. Very .little, 
interest and genuine concern for him is exhibited by his 
family. Harry is labeled a trouble-maker in school and has 
required much teacher attention. Because of his attention 
getting behavior, his presence in the classroom is usually 
noted. In order to keep him on task, Harry was often 
isolated from the class. He has energy which needs to be 
directed. His sixth grade performance, school attitude, and 
self-concept changed during the year. 

Sue is an alert, attractive, and mature girl who might 
be classified as gifted or talented, yet she has a poor 
achievement record in mathematics. Math has presented many 
problems for her and she was able to vocalize much insight 
to her response to math instruction in school. Sue is an 
avid reader, an j artist, a musician, a poet, and a world 
traveler. She has many friends and relates well to persons 
of all ages. Her parents are both professionals who treat 
her very adult-like and insist on her being independent. 
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Sam is a high averaqe student who achieves average 
results in school. He is known to be an inconsistent 
* worker? y«t at times he is insightful, organized, and 
logical r— H» perform* very ~~wel 1 wfi jin motTv a t ed . His" 
attention span and performance record are directly related 
to his motivational level; he "turns on" or "tunes out" 
depending on his interest in the task. Sam relates well to 
his family. They are frusA-ated with his inconsistent 
school record. Many times Sam is placed in a "do-or-el se" 
situation before he tackles a task. He is a natural leader 
providing the direction and support for others. He finds 
difficult tasks challenging and rewarding. 
Respo nse to Problem So lving 

i * 

Students. Generally speaking, the case study subjects 
were initially cautious and hesitant in approaching problem 
solving. As they learned strategies to use in problem 
solving, however, their attitudes changed. Sam and Tom 
seemed to respond most positively to problem solving. They 
were very successful and became quite confident: with problem 
solving experience. On the other hand, Paul and Sue seemed 
much more comfortable with the standard textbook approach to 
mathematics. Even thouqh not a strong student generally, 
Harry slowly came alive to mathematics as he learned problem 
solving strategies. 

Bob and Bill did not seem to respond as 'favorably to 
problem solvinq, It is interesting to note that none of the 
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three students in the PS Group. responded 

enthusiastically. While calculator use wee e likely 
-i^Iuence^^ not be~ Ignored. Thw 

teachers of Tom, Harry, Paula, end Sam were enthueiaetic and 
effective. Listed below are the etudent commence. 

"I like problem solving." 

"I can solve problems." 

M I feel good when I solve problems." 

/"Problem solving makes you think." 
"The problems were interesting and 

chal lenging." 
"I share my problem solving problems with 
Mom end Dad." 

"I like to talk about the problems." • 

f 

"The problems were fun$ it was neat trying 

to figure out those hard problems." 
"I like problem - solving. I like to think harder. 

I liked both easy and hard problems." 
"I worked frjarder last semester than I ever did 

before in school, because it was fun." ^ 
"Everybody in class learned during problem 

solving time. Nobody learned when we did 

book worK " 
"Problem solving makes math real." 

"For the f i rst ti me I remember what I 1 earned 
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earlier. I nevtr will forget the problem 

•Diving. M " 
"I love problem solving. It was challenging. 

I've learned a lot." 
"My grades went up during problem solving." 
"There would have been no order in our math 

class this year without the problem solving. 

We wanted to get the problems done so we worked." 
"Math has not been my -favorite suject prior to 

sixth grade because I couldn't remember when tc 

do what. I was forced to decide when to 

add/subtract or etc. all by myself this year. 

Last year I depended on my teaqher to tell me 

what to do. " 

Teachers. The teacher's response to problem solving 
was guite varied. Of the ten teachers involved, six were 
openly enthusiastic about the problem solving approach. The 
others were supportive but seemed more comfortable with the 
textbook approach to mathematics instruction. Two teachers 
in particular became strong advocates of teaching problem 
solving. All teachers were very cooperative. Teacher 
comments aabout teaching problem solving are given below. 

"My kids like the problem sheets." 

"First time I've had no discipline problems. They 
get so involved that they don't have time to get 
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An trouble. 



"The problem solving homework in Always don*. If 



there is any work rjot completed, it definitely is 



not the math problem solving. 



ii 



M I teach a concept when I need it to solve a problem*" 
"Students have to read critically to do a problem. It 

helps their reading comprehension." 
"We now use the problem solving strategies a lot in 

science and social studies. " 
"The TOPS cards are really great. All thrf kids like 



"I hope we continue with problem solving instruction. 

I still have lots tto learn about it".". 
"I'm going to keep my materials - I'll" share them, but 



Parents. The parents of the case study subjects were 

t 

interviewed to obtain their perspective of the project and 
its impact on their child. The parent response was 

unanimously positive. As a result of the problem solving 
experience the parents saw their child as more confident, 
more motivated,* more inquisitive, and more willing to talk 
about school work. These attitudes were shared by all 
parents interviewed. I.t is as though previously children 
had viewed school as a chore, an undesirable task that ha<± 
to be done in contrast) to seeing problem solving as 



them." 



I won't give them away. 



it 
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challenging, worthwhile, and -fun. The parents were very 
pleased with these observed changes In their child. The 
■following comments characterize the parents' feelings about 
problem solving. 

"So happy to see my child respond to learning. 
What a change. " 
"His school work h«» improved in all areas. 11 
"He is asking questions again. It seems he 
has found a need for learninq." 
"He's less dependent on us at home. He does 
his math homework first. ," 

"She's become aware that math is real and is 
useful . 11 

"She has shared her work with us. This is a 
real first. She asks us about different problems. 
Many problems we can't do, yet she is able to 
explain what and how to approach the problems. 
Washed we had had problems like this when we 
were i n school . " 

"My -son has worked hard this year - more than 
ever. I think it was because he knew that he 
must 'diq* to solve these problems. He really 
wanted to do well." 

"My son ib so proud of his math grades this year. 
I'm very proud that he feels this way." 

si 



"I'd like to have my child continue with 

■ 

- calculator* in school . If one,y*ar can make this 
big a change in my child, I'm anxious to have 
more of the same instruction. 11 

"Guess I'd have to say, I was against my child 
using a calculator in September. In January 
I'm saying the opposite. The entirjp project has 
been £jood and helpful for my child. 11 

"So happy to see my son interested in school. 
This has been his best year in school. Math has 
always been his poorest subject. This year he 
has gotten A's and B' m and * eems to understahd 
it. I want to thank you both very much for 
helping turn him on to math." 

"liy child has demanded less help this year. 
He s*ys he can do "it himself." 

"My child has shown more interest in learning 
this year * what a welcomed change." 

"I hope problem solvinq teaching continues in 
school. My child is much more confident about - 
his abilities." 

"The dinner table has been the center of much 
problem salving discussion in our house. "■ 

When questioned about their chi Id * s 'par ticipati on in 
the project* the parents unanimously expressed approval and 
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volunteered favorable comments. 

Response to Problem S olving Materials 

* - ^ ' — — p , 

Students, There were marked diff rences in pupil 
response to textbook use and problem solving materials. 
Case study students pointedly contrasted the two: 

"Profcjem solvinq made math real. In problem solving 
if you don't understand the book, you just ask the 
teacher. In problem solving we discuss it, think 
about it, and then try to solve it before we ask the 
teacher for help. Problem Solving made me think for 
myself . " w 
"Problem solvinq is more interesting. ,f 

"In problem solving we do a variety of things. In the 
book, we just do page After page of 3 x 2 ■ 6. " 

"In problem solving we choose which problems we wanted^ 
to do and how we did them. The teacher always tells 
us which paqe in the textbook, which oroblem, and 
what we need- to do to complete it. I f*ll asleep in 
class and at home doinq my math homework." 

"The problems are interesting, challenging, and real 

0 

in problem solvinq- In the book f they are boring. 

I never qet it finished.' 1 
"My pat *nts and I solved my problem solvinq problems 

toqether at dinner. We al H enjoyed them. •' 
"My parents say I ask more questions now, I also ask 
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for less help. " 

"I'd choose problem solvinq to do over the text 
because the text i* not interesting. I don't have to 
think or explore. In problem solving I didn't know 
where to begin - that's the fug pert. It became a 
challenqe - Can I do it? I like to explore." 

"When we'd qo" to the boa*:, we all got low grades. 
Half the time I woudn't do my homework, it was too 
borinq. They have borinq examples. Teacher says, 
'Flip to page — , do number 1-5.' No reason to do 
the work except to qet a qrade. " 

"Book problems are simple - our problem solvinq 
problems were hard - I had to think." 

"I like problem solvinq' more than book work. I like 
to think harder. You have to think hard to do 
problem solvinq. I looked forward to the new 
problems. " 

"As soon as our class went back to working in our 
books, the qrades went down. We were bored. Ther^ 
are borinq examples and problems in the book. 1 ' 
Teachers. Teachers were more hesitant than students to 
contrast treatment materials ^with textbook materials. Most 
expressed a renewed interest in teachinq math and enjoyed 
the interestinq problems. Usinq , the problem solvinq 
.materials m&dm several teachers uncc fortable and uneasy? 

Si 
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teachers seem to adjust more slowly than the students. It 
was difficult for teachers to, adjust to the freedom of 
exploration, the group strateqy, and .calculators in the 
classroom <CPS classes only). Evaluation of pupil work was 
a probl em for some teachers. They were somewhat 
uncomf or tab 1 e withc.tt definite grades on each assignment. 
All teachers remarked about the i ncr eased interest i n 
mathematics. Comments of teachers follow. 

"I'm just beqinninq to learn what and how to teach the 
problem solvinq. " (December, 1980) 

"It was harder for me than for the kids." 

"Hope our achievement scores are good in May." 

"I felt like I didn't know what each kid was doing or 
what he knew. " 

"I had trouble qradinq the students. " 

"Where can I qet some of these problems for next 
year n " 

"The challenqe problems were a real challenge for me." 
"I still use the te;;tboo^ to teach the basics." 
"I can't believe how lonq we spend on one of those 
probl ems. " 

Response to Group Work 

Students. Di f f erent teachinq methods were encouraged 
during the treatment phase. Group work was emphasized in 
all PS and CF*S clashes. Students responded favoraoly to the 
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qroup *ppr^ neir comment* werei 

"Most of the problem solving time we worked in qroups. 
I linked to work in qroups bectun we could help each 
other. I helped them and then they helped me." 

"J felt less pressure when working in groups. M 

"It was fun to arque about the problems. I was wronq 
sometimes." 

M We learned to question each other." 

"We had to explain to the qroup what we were doing." 
M We discussed the problems together and explained them 
to the class. " 

"I like usinq the overhead to explain the problems." 
"My teacher qave us extra points if the group could 
find two different ways to solve the "probl em. " 
"We helped the teacher solve several problems. He 

didn't have the answer." 
"I love group work because it is fun to discuss the 

problem. Everybody has ideas about it. I can lead 
the qroup or follow. I like to help kids with their 
work. It mafces me thin*- harder when I have to ' 
explain it to someone." 
"Each qroup worked as a team. If you qot all the 
problems, your team qot points for the? day. I liked 
my team althouqh our team never won. a" contest, I 
like to wort- in groups." 

\ 
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Teachers, Having students work in small groups was new 
to most teachers. They usually had th«ir students working* 
independently when they were not presenting to the entire 
.class. The teachers' response to group work was varied. 
Some teachers took to it immediately but others were not 
comfortable with students in groups. They seemed la feel 
less in control. One teacher with many years of experience 
did not know how to use group work. But after he was 

assisted in trying it,, he used it regularly -from then on. 

i 

Specif icl comment© made by teachers -follow. 

! 

"U've never used group work be-fore. I like it, yet 
I feel better when I have the kids working 
independently. " 

"I just used group work one day a week*. 

"I like the involvement of group work." 

"Kids have to help each other. " 

"It seems the children respond well to group work. 
Maybe they like to talk." 

% 

"They have learned to help each other." 

"I don't know i fJ^JLeel^-tra^ with group work 

yet, I usually use an interest center for my group 

work. " 

"My students surprised me with their problem solving 

in the groups. " 
M How do 1 qr&de them^ I usually give the whole group 
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the same qrade. " 
"I use the team approach giving the team points -for its 
work. •■ 

M I have to learn to adjust with the students. Believe 
me, they've done a grea€ job! I'm very profld of 
their math scores on the SRA Tests this year." 
"My kids have done well. They've jumped two grade 

levels in math this year." 
"I managed to get all the work done, but is was a 
struggle. " 
Response to Challenge Problems 

Students* responses to difficult problems, especially 
the math challenqe problems, were very surprisirig. 
Repeatedly, case study subjects of cross ability levels 
commented about the desire, excitement, and challenge of 
hard problems. Their comments fallow. 

"I like the Math Challenge Problems. They were hard 
and challenging. I like the "Fly' one the best. I 

got /most of them. I liked the challenge problems 

because they made me think the most." 
"I like all the challenqe problems. I qot all but 
one; I like them best. I h*d to get them to satisfy 
myself - I couldn't stand not to get one. 11 
"I like the hard problems the best. They make me 
think more. " 
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M X got all the Math Challenge Problem*. My teacher 
helped me with two of them. I got 60 point* for 
doing the matn challenge problems alone. Could have 
gotten BO points if he had not helped me with two." 
"The harder the problems, the harder ' I worked. The 

challenqe problems were my favorite*." 
"The problems were interesting; some were hard. I 
love the hard ones; more challenging and fun to 
figure out* It took me a long time to do some of 
them, but it didn't seem long because I got involved 
in the problem. The longest I worked on one problem 
was one hour. Sometimes I had to come back to it." 
Response to problem solvinq strategies 

We were particularly interested in whether the subject 
recognized and used the problem solving strategies. Me were 
quite impressed with the manner in which the students spoke 
about the strategies. They knew the names of the strategies 
and spoke freely about strategy use although most students 
had a favorite. Among the favorite strategies were Buess 
and Test, Make a List, and Look for a Pattern. Statistical 
and observational data substantiated that problem solving 
strategies were learned and utilized by the case tftudy 
subjects. Their comments follow: 

"I like to uite the strategies to help me. My favorite 
one is Guess anJf^i^est, because it is fun to see how 



close you can qet and to try to get close in a few 
steps. Simplify is my l^east favorite because I don't 
understand it. I use Make a List the most - I can 
use it with just about any kind of problem." 
"I like Draw a Diagram the best. I helps me see what 
I do. I do not use Simplify. I can't break it down; 
I don't know why. My favorite one is Look for a 
Pattern. " 

"My favorite strategy is Make a List because it's easy 
to see what you're doing. Guess and Test is my least 
favorite because it takes too long, then I can't see 
the pattern. I use Draw a Diagram the most. It 
helps me see what I did. It helps me to draw 
pictures of problems." 

"My favorite strategy is Look for a Pattern because 
it's fun to try to figure out what the problem is all 
about. It's like a game. My least favorite strategy 
is Simplify - I don't know what to do. I use Draw a 
Diagram the most. I like to see what the answer is 
going to be. " 

"My favorite strategy is Guess and Test because it is 
easy for me. My least favorite strategy is Simplify. 3 
It makes more work." *. 

"I use Make a List «?nd Look for a Pattern more than 
the others because 'I like to organize what I'm doing. 




I write more down on paper with Make a List, but I 
get more right when I do it. " 
"The strategies eure helped me to eee it more clearly. * 
In math problem* when I got. stuck, I'd try one of 
those strategies to begin. Sometimes it worked, 
sometimes it didn't. I kept trying until one would 
work. 11 

"I used several of the strategies on the achievement 

test this year." 
"In science I use many of the strategies. " 
"Draw a Diagram was helpful in Social Studies." 
"Look for a Pattern is very useful in all my subjects. 

I use it when playlnq qames. 11 
"I taught my parents how to use Guess and Test and 

make a game out of it." 

"I try to make as few guesses as possible because it 

takes so lonq. " 
"I learned to ask myself Questions like, 9 How would I 

do it?' What strategy to use,' What I need to solve 

it, and What would I use to solve it?'" 
"I learned the strategies ~ they were easy for me." 
"I learned different methods of solving problems 

(Guess and Test, Make a List, Draw a Diagram, etc.). 

The strategies helped me to see it more clearly." 
"I use probiem solving in my other subjects. I used 
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the strategy Draw a Diagram in Social Studies 
yesterday to solve a problem." 

"I used the problem solving strategies on a test 
recently. I learned to ask myself, 'Hod would I do 
it?* What strategy to use? What do I need to 
solve the problem and what strategy would I use to 
solve it?' I still know the strategies, I learned 
to apply what I learned and I remember it." 

"When I don't know what to do, I just try lots of 
things. I use all the strategies." 
Response to Calculator Use 



Students, Fdur of the case study subjects were in t 
CPS group and thus experienced calculator use in problem 
solving. They were uniformly enthusiastic aboUt- using 
calculators. They seemed to feel more conf ide^jj^n 
approaching a problem when the calculator was available." ¥t 
also seemed to foster exploration. That is, if the student 
had no ideas where to begin. they might just try anything 
using the calculator. Often this suggested a next step and 
consequently led to understanding the problem and ultimately 
to a solution. Student comments regarding calculators were 
most positive- Their comments were: 

"I think I could get hooked on calculators. 11 

"I *ike usinq a calculator in math clas«s. M 

"I like to play with the calculators. 11 
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"I got more probltms right using the calculator." 
"I like to qet the work done fast. 11 
*I got more work done ueinq the calculator!. ■■ 
n The calculator worke fast. I get more done in a 
•horter time. " 

M The calculator* helped me to tell if I was close to 

the riqht answer. " 
"I take the original problem, estimate in my head,! 

then estimate on the calculator to see if I wae 

right. M 

"I'd like to use calculators on tests, too." 
"Calculators made math easier for me. " 



• "I like using the calculator and doing those hard 
problems." 

"I like to play calculator qamee, especially the 

strategy games. They are real'y fun." 
"I use the memory all the time. 11 / * 
"I like to push 9 clear' when I get confused and start 

all over. I don't like to start over without the 

calculator." 

"Estimation is easy for me with the calculator. Ay 

estimation has improved." / 
"I get more Answers correct." / 
Teachers. While the response to calculator lise varied 
among teachers, it was quite positives most teachers felt 
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that calculator-aided problem solving was a beneficial unit 
of instruction. One teacher was uncomfortable with the new 
technology but after the semester of use the others were 
enthusiastic about the use of calculators. Most were 
cautious at tH»e beginninq. 

The teachers reported f ewer^jJiscipl ine problems and 
wore enthusiasm for mathematics when calculators were used. 
Their comments were: 

"First time i've used a calculator in school. I was 
apprehensive at first, bu\ I really feel it has a 
place. The slower kids could do some of the long 
computations which otherwise they could not attempt." 
"I was worried about lonq division and learning the 
factp. The kids didr^t seem to suffer from the 
calculator use." 
"I like using the calculator. My kids enjoy using it, 
too. " 

"It has not caused them . any probl ems that I can see." 
"There definitely is more, interest when we use 

calculators than when wfc do not." 
"I, was afraid we'd lose many calculators,, but we only 

lost two. It was surprising how much care the 

students qave the calculators " 
"It helped my briqht kids, too. ' I thouqht they'd 

became lazy and, not want to do the hard work when we 
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w«r»n't usinq tha> calculators. 
"I think the kida wara thinking tha calculator* would 

aolva all thair problama, but it didn't. They can't- 

ju*t pu*h the button*; M 
"I ^liked utinq the slow kid at lea*t attempt a 

problem. It definitely qave him »ome confidence* " 
11 My kid* can't wait until they get to use the 

calculator* next semester." 
"I don't think my students really learned to utilize 

the calculators to the fullest in this semester. I 

know I didn' 

Parents. Initially, parent reaction to calculator-use 
in sixth qrade math class varied from neutral to neqative. 
However, at the end of the treatment phase, parents were 
uniformly positive about calculator use in problem solving. 
When parents were questioned at conference time about their 
child'* use of calculators, initially they responded 
apprehensively* However, after the teacher* demonstrated 
calculator^** in problem solvinq to the parent* they became 

quite support tye. The invest iqati ng team visited one PTA 

\ 

Group and met with the sixth qrade parents in the project. 
Comments below reflect parent support and the change of 
attitude toward calculator use. 

"I didn't think the calculator should be used when My 
child was still learning how to add, . subtract , m > 
\ 
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multiply, and divide. Yet, he/she was able to do. 
those problems with the calculator that he wouldn't 
even attempt due to the lack of long computations. 
His basic facts have improved throughout the year 

4 

even with the calculator. He sure loves to use the 

* 

calcul ator . M 

* ■* 

"My son's grades have improved since he is able to use 

t 

the calculator. He has qotten more problems correct, 
thus a better score on daily work. 
M My daughter ^ould definitely chogse ^wor hi ng with the 
calculator. 

"The first thing my daughter asked for this Christmas 
was a calculator like she had in school. Where can I 
buy one? Should r buy another model or l s the model 
she is usinq adequate?" 

"Seeing my child en iov math ; is really a delight. I 
^now the calculator w^s a definite plus >or her. I 
hope all teachers are learning how to use the 
calculators in schools." 

"We keep a calculator bv the dinner table fo*r our 

eveni nq dinner problems: whi <Sh my son br a ngs^ home. He 

is better with those 1 problems than we are." 

"I was stronqly opposed to my child usinq i" calculator 
* « 

i n school unti 1 I saw how much he/she enjoyed and 
improved using 1 1 % „ He seems to have a better grasp 
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and desire to learn. He says math is easy for him 
* this year. M 

The statement beltaw reflects one CPS teacher's ^esponse 
to the project. 

M The problem solving calculator project was 
stimulating, furr, challenging and most rewarding. I look 
forward to math class because I never know what my students 
will do that day. I no longer worry about running out of 
materials and keeping the students out of trouble. Time 
passes quickly and' I have less discipline problems. The 
^kids are busily engaged into thinking and discussing 
problems in the context of problem solving., Yes, sometimes 
it gets a little noisy, but r realize that they can control 
it within the qroups. I find the interest generated carries 
over to other daily activities. Many children enjoy 
bringing in problems from home, altering the ones we have, 
and even at times qeneratinq other problems. Our math class 
involved Enqlish, Social Studies, Science, Health, Reading, 
and Languaqe at the, same time. Make a List (Proved very 
helpful for all the children. I believe Guess and Test was 
their favorite and that Simplify was the most difficult 
strateqy. 

"This project has definitely tiad a major impact on my 
teachinq. " I no lonqar can teach from the text presenting 
the computations per se. I have seen what sixth graders can 



do and will do if qiven the opportuni ty . " 
Individual analyses of case study subjects 

Paul a, beinq highly moti vated to pj ease and to be 
socially accepted, approached problem solving cautiously. 
This was the first time she had been presented with math 
tasks that were problems rather than exercises. Previously, 
she could complete her work quickly and then proceed *with 
the next assignment. She was programmed to complete daily 

assignments in routine fashion, achieving excellent results. 

o 

This behavioral pattern did not facilitate her work in 
calculator problem solving. She lost confidence and was 
reluctant to discuss or share her work. She would cover her 
written work when we would walk by her desk. When asked 
about the problems, -she-would remark that she was thinking. 
All durinq the year Paula was exposed to a relaxed, open 
classroom where small qroup instruction was the predominate 
teaching strategy. As the study progressed, she capitalized 
on her out-goinq personality and became a productive group 
member. She also learned t^at ^ it was all right to male 
mistakes and there often would be false starts in the 
exploration staqe of problem solving. Once she realized 
that she was iPVlA expected to solve the problem in a 
prescribed way, sheMpelaxed and tackled the problems. Both 
teachers and pareirls ren\^r[-ed about her insecurity and 
uncertainty early m the year. 
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Paul*'* pragreee M a« related to her chanqa of focus and 
purpose. Her previous qoal was . to follow explicit * 
directions carefully and accurately. This had brought good 
results. Paul*a was forced, to develop di fferent response 
. patterns to problem solvinq. 

Paula's parents focused on her desire to lead. She had 
• ■tron£j deal re to lead the qroup, but was not always 
recognized as the qroup leader. She learned to respect the 
opinions of others and to wo, wuw^erati vely. The grpup 
work allowed Paula to improve her relationship with peers.' 

Her parents questioned the teacher about continuing the 
new approach in seventh grade. They wanted Paula to 
continue studying problem solvinq. They were able to notice 
chanqes in her response to probl&rJ situations around the 
house. She became more confident in her own problem solving 
approaches. Yet she did not became an outstanding .problem 
solver. 

* * 

Paula is a pleasant, cooperative, and alert student 

that any teacher would enjoy having in class. She has the 

ability to adapt to an exploratory a setting and make ' 

excellent progress. Paula commented about * how hard she 

worked to keep up with the class. This was the first time 

in school where she had been 'expected to "think" rather than 

just "compute. " 

Although Paula has the innite ability to become a 

superior problem soever she has such a strong desire to 
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please that she could once again become a "dependent 
thinner" if placet? in a teacher dominated classruom. 

Bob was quite a puzzle to" the investigating team. He 
^nWver complained or questioned assignments. He worked 
diligently and i ndependent 1 y on assiqned problems. He would 
repeat the same set procedures on every problem. He did not 
break out of a computational mcide of thought, thus he showed 
little growth in problem solving. He would start to 
explore, then quicHy resort to thinking* about adding, 
subtracting, multiplying, ^nd dividing. His major problem 
was that he had not learned to "think." He had a strong 
desire to please the teacher. His scores on daily 
computations were good, yet he was unable to apply his 
knowledge in problem situations. He relied heavily on "the 
te^iher to conceptualise the problem for him.^ After 
conceptualization, he was able to carry out the plan. 

Bob's reading was sliqhtyly below grade level. His 
teachers and parents thought he «might be limited by his 
reading performance, yet we noted that he was able to read. 

the test questions. 

Bob expressed enjoyment for math and problem solving 
this year, yet we were unable to observe change in his 
behavior as a result of the treatment. The reasons for thisf 
appear to be: 

A deep-rooted computational mode of thought, 
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* Inability to. ad just to a new approach. * ^ 

* The need for much one-on-one assistance. 
"* Need for constant support. 

* Lack of motivation for task. 

* Hesitancy to explore. 

In the many wfeks of observation, we saw little change 
in Bob's problem solving performance. 

Bill's proqress was mar ked by great intensity of effort. 
Since he was a quiet, reserved student, the observers 
utilized a more direct route of investigation. While he did 
not volunteer information easily or openly hm responded 
openly when asked a direct question. He rarely asked for 
assistance from his teacher. Bill responded wfel 1 to a* 
structured classroom where students worked individually. 
However, once qroup work was introduced, he showed interest 
in sharing. Durinq the classroom transition periods he 
'wasted much ti me wai t inq to be directed. 'Throughout the year 
he never took a leadership role. As the year progressed he 
did contribute to the qroup with key thoughts and questions. 

Bill was very grade conscious and felt he had to* get at 
least B's in all subjects. He commented that his teacher 
did. not grade them on prabl*em solving per se and he felt 
freer during that time of day than any other. As 1 chatted 
with his father. I commented about Bill's grade 
consciousness. He said he was not avtiare of this internal 

101 
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pressure, -yet he bel i-eved ' Bill was not working up to his 
abilities and could do better. # 

Of All the 102 subjects, - Di 1 L spent the lonqest time of 
Any subject completing the PST-i He worked at the PST for 85 
minutes, never once showing signs of tiring- This intensity 
was characteristic of his behavior throughout the year. He 
showed very little emotion 'for any task, yet he remarked 
that math had been really fun this year-. 

, Learning problem solving approaches for Bill came 
slowly. Yet hie teachrr reported that he was able to apply 
some stratg»cies-in science and, social studies. 

Bill learned how to explore a problem but experienced 
difficulty formulating a pfan and bringing closure to the 
task- Once he returns to a rule-oriented, structured 
curriculum he mav once again become passive. He needed a 
lonqer time to become an active, independent learner. 

Tom shov/ed great academic growth and emotional maturing 
during the treatment DeriajJ. Although Tom is an alert, 
curious boy, he had been labeled a lazy„ mediocre student. 
He had been^ unable to focus on completing a task, and been 
unable to take responsibility for his own learning. 

After observing Tom weakly from September to May it was 
obvious that chanqes were taking place. At the beginning of 
the year he was inattentive ^nd mischievious in class- He 
had to be prodded to do his math i-jrk, yet he reported that 
V 

>V Imo 
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math watt easy -for him. A few weeks' later, he^epiy 
displayed enthusiasm for math (problem solvinq). He is the 
type of person that needs to see a reason for what he is 
doinq. As the study progressed he became an, excel 1 ent 
-problem solver. He commented many times that he liked doing 
the work quickly. He hesitated to use the Bues® and Test 

strategy because it tool- too lonq, yet when other strategies 

t v 

failed, he would resort to Guess and Test. . 

He thorouqhl y enjoyed ^;orJ- i nq wi th the cal cul at or . 
Tom's family are stable business people in the community who 
see the importance of calculators. Tom eaid, "Why not use 
calculators in school? You'll use them when you take a 
job!" His perception of calculator use far excelled moot 
studer^ts.. He was one of the students - who used the 
calculator whenever possible and complained when the 
calculator was not available, 

y 

Tom is very observant. He was often the first one .to 

notice any minor chanqe in classroom management or problem 

format (even print size or type). On several occasions he 

ictntifiid a problem as having the same structure as a 

previously solved problem. He would say, M This problem is* 

like . His greatest growth came in emotional stability 

and learning posture. Ha tooi * productive, active role in 

qroup work and became a group leader. He learned to woH 

i 

with peers and direct his enerqj^s toward the goal. 

Tom showed much &at i«jf action and ande throughout th© 
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project. He shared much of his experience with. his parents. 
0 

His mother was the PTA President who visited Tom's math 
class. At the November PTA meetinq she invited all ^parents 
to drop -by his classroom and learn what is qoinq orf in sixth 
grade math. She qave a personal testimony about her son's 
changed performance and attitude. 

Tom's personal. interview ' and questionnaire* data 
revealed that he thoroughly enjoyed problem solving and 
calculator use. He repeatedly thanked us -for helping him 
and for providing calculators. Hi s cone 1 udi ng comment on a 
questionnaire was, "I thank you for lettinq us use thte 
calculators. I also wish that 'we could keep on using them, 
but I guess we can't. I Id^s of fun workis^with the 

calculator. THANK YOU VERY MUCH. n 

Harry provided much information about a low ability 
student's response to the CPS treatment. His overall school 
performance was in the 17th percentile. For the first time 



this unyfcttenti ve, mischievious boy was able to feel qbod 
about his mathematics performance. Of all the students in 
the study, Harry had to p< t. forth more effort to achieve a 
"turn-around." Since he *s in need of constant quidance 
and supervision, there is some concern about hi & continuing 
along constructive paths. He even expressed concern about 
doing well in junior high school. His math performance was 
much higher than his performance in other subjects. .Hi s 
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teacher was surprise^ but pleased with his work. The 
/ following comments reveal his reactions and feelings about 
*i>rth grade math and the CPS project. 
" 1 like problem solving." 

» 

"I like to work in group©.* When I get 
stuck, I ask someone beside me for help. 
I help* them too when they get stuck. 
It's lots more fun to work in groups." 

" I worked harder 1 ast semester (fall, 
1980) than* I ever did in school before." 

"I don't like pages and pages of book 
/ problems. The problems were fun - ^i t 

was neat tryinq to figure out those hard 
problems. First time I was given any hard 
problems. When I had nothing to do, I 
just got a notebook and paper and tried 
to figure the problems. When I finished 
a problem the kids didn't think I could 



do they'd say, 'I can't do that problem - 
how can you do it? I don't think you got 
that problem right.' They'd try to 
prove me wronq. Sometimes we'd work, on 
it toqether. I'd show them how I did the 
problem; they never thought I could get 
it done. " 

'I like using the calculator. My grades 
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went up when I used the calculator. When we 

don't use the calculator, my grades go dt>wn. n ' 

} 

M I want to continue using the calculator 
because it helped me get more problem* right 
and better grades. First time my friends 
^ • thought I could do math right, 11 

Harr*y's veacher remarked about the impact the CPS 
project had on him: 

Harry finds school work very difficult. 
He has trouble paying attention and getting 

his work done. Ha showed a renewed interest 

j 

in school as a result of the ^strokes' he 
received in math this year. The calculator 
was a big factor in his getting the problems 
done and done correctly since he did not know 
his basic" facts well. To my surprise he 
tackled all the challenqe problems, completing 
all but one. His classmates did not trust him ' 
at first, but learned to listen when he 
offered help. He was a better follower than 
a leader. He worked best in a group, as .he 
1 needed the direction and support of othSr 
students. His parents rewarded him with a 
new bike for his good qrades in school. It 

y 

was a real joy to see this kid change - he's 

* s 
a different boy. v 
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In summary, Harry' s case mows that even a low achiever 
can be successful in problem salving. A student rarvkinq 
nationally at the 25th percentile scored at the mean for the 
CPS group '(14) on the problem solving posttest interview. 
He demonstrated a grasp of problem solving and made 
excellent uee of the strategies. ^ 

- Sue was one of the most valuable case study subjects. 
Her response to school and problem solving were definite and 

notably. Sue is a bright, well adjusted child. Actually, 
she i s, quite mature for a si>tth grader. This stems in part 
^rom a family background of social consciousness and 
affluence, Althouqh mature, she * is not always 
self-confident. She is very pleasant and att!emps to please 
adults. Shq^is the type of student a teacher would "depend 
on for many responsible tasks. 

Yet having noted these many positive attributes, Sue 
did not demonstrate mastery of the problem solving process. 

She was, slow^to learn the strategies! in fact, she* never 

•4* # 

mastered the technique of exploring a problem. 

•Sue was not as successful in problem solving as many 

> 

other students. Although she was a bright hard working 
student, she was quite slow learning to use the strategies. 
This could ha^e been.- in part. a result of the relatively 
poor strategy instruction* in her classroom. Yet others in 
that classroom were successful in using the strategies in 
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problem solving. Sue liked to be* told explicitly what to 
do. She performed complex long division expertly but seemed 
lost in decidinq what to do on a problem. Being generally 
successful in school , she' seemed f rustrated % by her abi 1 1 ty 
to solve* problems. Even thou she tried liard, problem 
solving nev/er became easy far her. She'did make progress 
and was able to solve many problems* yet si e did not display 
the insights observed in other successful problem solvers. 
She liked problem solving ami worked diligently at the 
problems whenever that was expected. Yet she continued to 
struggle with the more difficult problems. If she was in a 
small group she would wait far others in her group to 
determine the approach. Once she had direction, she would 
work enthusiastically to arrive at the answer! She was 
guicfc to ask for heip« expecting the teacher to tell her how 
to solve the problem. She did not have confidence in her 
ability to solve problems. '-he has the ability to be an 
excellent problem solver. ft seems that <she could not 
overcome her passiveness. Her* desire to please was stronq 
and her confidence was low. This combination explains her 
willingness to war* at trie problems but with little ySccess. 

^S|n thouqh Sue Y was cooperative, her comments during a 

r - - 

post session interview indicated she was "not happy to 
perform textbook tasfs. She commented that, "M«" 4 h was' 
borinq,-" "I very , seldom get my ^homeworl- done. " "I fail 
asleep before I get the problems done. 1 ' "Never been *ble to 



ERJC 1 v$ 



94 



©member what I learned- yesterday." "I don't know why I 
have to, learn fractions. " Sue described her response to 
math textbook work as "flipping through the pages and doinq 
examples 1-10. " 

Sue' s verbal iz at ion |nd perception of the project 
expressed durinq the interview was phenomenal. She beqan to 
view math as a thinking and learning process. She was able 
to perceive many of the chanqes within herself as well as ^n 
her classmates and *eacher. Deing able to express her 
thoughts so adult -like was quite unusual. 

Three weeks after the school year ended, she sent us a 
poem which she wrote ^stwnmar i z i nq her sixth gr^de 'probl em 
solving experience, Jt is surpr 1 sTtPrg^h^ a twelve-year-old 
could comprehend and express the thrust "arTd impact of the' 
project so clearly. Her poem follows: 

The B ttion That Has Never Lost Its Cla^s 

This 'is a story about a class 

Who had a terrible time dealing with math. 

Decimals and fractions bored them to^ifcars^ 

Percentaqes and qraphs were pains in the rear. 

t 

The teacher thouqht the kids were all deaf and dumb 

All the class did was twiddle their thumbs. 

This went on foi* days and days 

There? seemed to be hope no way. 

Until one day the teacher walked into the room 

Smiling in the middle u-f the class 7 gloom- 



There wab a small box she clutched in her hand 

A box and a rubber band. 

She started talkinq with a laugh 

And told th* kids they were going to enjoy math. 
The kids showed their doubts through their* looks 
You couldn't enjoy math with their math books! 
Said the teacher, "These are Story Problem 

Solving Cards. " . V 
"They won" t, be easy, they will be hard." 
"Problem Solvinq! M the class groaned. 
"We don't need to solve their problems 
We've qot enouqh problems of our own." 
"But these problems will be fun - just wait. 
You'll never get far at this kind of rate. " 
Two weeks passed end the teacher was right. 
The kids now loved math with all their might. 
Every kid could now choose what he wanted to do 
There were 200 cards colored in red, white, 

and blue. 

They could solve their problems by quessinq 

\ 

s and testing. 

Drawing diagrams, lookmq for patterns, simplifying, 

, » 
and makinq lists. 

» 

There was so much of a choice in math it was 

absol utel v bh ss ! 
The kids could work in groups or work alone. ' 



/ 



/ 
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They could do the cards at school or do them at home. 

Then there were challenqers sheet* 

The problems were i interest! rig, challenging;, 

and neat. w 
Now Problem^ Solving Cards weren't absolutely perfect^ 
Nothinq ever is. 
Kids still got -frustrated 
And there were problems they missed. 
But over all the cards were great! 
They put kids into situations they'd soon have 

to face. r * 

The cards taught them how to balance money and 

how to read 'a map. 
They taught them how to triple a recipe and 

other things kids have to learn to adapt. 



It showed them how much the world was run by math 

if you really looked 
So much more math then you'd ever find in a math book. 



And because the kids now enjoyed math time 

Their grade averages began to climb. 

So the moral of this story is merely 

Get a kid interested and he wi 1 1 improve clearly! 



problem solvinq. As the year progressed. he became 
confident and self assured. Throughout the treat ment y phase 
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he was among the three best problem solvers in his class. 

As noted earlier, Sam was an inconsistent worker who 
could achieve excellent . results when motivated, while at 
times he performed as a low-average- studept. His entire 
posture in math class changed as he became motivated by 
problem solving. The observers were impressed with his 
insights, his leadership qualities,, his decision making 
abilities, and his persistence. He tackled problem solving 
aggressively, becoming an intent, ser.ious, persistent, 
exploratory, and successful problem solver. The aspect of 
problem solving which he enjoyed the most is explained by 
his comments: "Iry problem solving I didn't know wher« to 
begin - that's the fun part. It becomes a challenge - Can I 
do it? I like to explore. 

Sam's inconsistent behavior throughout the year can be 
explained in that situations and activities which required 
only routine responses forcec* him to take a different 
approach to school. He saw the project tasks as PROBLEMS 
and thoroughly enjoyed wrestling with them. He commented 
about the Challejiqe Problems because he was forced to 
explore and struggle to find a solution path. 

Sam did not like, activities which demanded routine 
memorization or application of rules. His general progress 
in school was* evaluated by teachers as C or C work, 
yowever when it came to problem solving, his response was 
totally different; he was enthusiastic, task oriented, and 

112 
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creative. He became one oi the beet problem solvers in the 
cl ass. 

Sam displayed *nd used excellent mental estimation 
skills. This was particularly evident in the testing 
situation. His pleasant, easy-qoing, personality allowed 
him to relate to hie peere quite w»ll. He was very 
sensitive to their lieeds and could assess hie group role 
easily. Hie remarks about emails group work werei 

I love group work because it ie fun to diecuee 
the problems* Everybody has ideas about it. 
I like^to help kids with their work. It makes 
me think harder when I have to explain it to 
^someone. 

Sam thorouqhly enjoyed usinq the calculator in school 
and pro-fit* Irom the calculator experience. Although 
initially his parents did not fully support calculator use 
in schools, they became convinced that Sam's calculator 
problem solving experience was the highlight of his sixth 
qrade year. Sam's* comments reflect his feelinqs about 
calculators* M I think I could get hooked on calculators. I 
still need to uwe my mind whfh I use the calculator.' 1 

Havinq observed Sam. in many situations. the 
investigators conclude that Sam ? s inconsistent overal 1 

4 

school performance and poor attendance record from previous 
years can be directly related to the type of school tasks. 
When presented with problems in problem situations, he 
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responded actively and sqgressi vel y . If the tas*: became 
routine or practice-like, he resorted to his passive self- 
Sam"© response was interesting but perplexing at times. 



V 
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Di s»cussi on 

This study investigated the problem solvinq performance 
of sixth grade pupils under several conditions. There were 
^hree treatment qroups, a Probl em Sol vi nq qroup <PS) that 
experienced problem solving activities in addition to their 

i 

regular mathematics proqram, and a Calculator Problem 
Solvinq qroup (CPS) that used the same supplementary problem 
solving materials as the PS qroup but in addition, had 
calculators available, and a Control group that studied 
mathematics from their requUr grade level text. Three 
problem solvinq ability levels were formed usinq scores an 
the Iowa Problem Solvinq Project Test. * 

In order to assess treatment effec-ts, three measures 
were used; a Problem Solving Test, the Iowa Problem Solving 
Project Test, and case 'studies. The Problem Solvinq Test 
was administered " in an interview format; two experimenters 
r.ec^rded information as the/ observed the subjects solve 
five nonroutine mathematics problems. A ratinq scale was 
constructed for coding the pupils responses. The sixteen 
ratings are defined in Appendix C. The IPSF' Test was group 
administered using alternate rorms, in a pretest-post test 
design. Seven subiects from th« PS and the CPS groups were 
identified fo^ careful observation throughout the 18 week 
treatment phase. 
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Treat mwnt Effect* 

* 

When the result* of both the PST and the IPSP are taken 
together, it is apparent that the subjects studying problem 
solvinq, with or without cal cul ators, [ ^mrTofmrnd at a much 
.higher level than those sublets in the Control group. On 
the PST, the Success, scores of the Control, PS, and CPS 
qroups were 4.4, 12-4, and 14.3, respectively. Not only are 
these di f f erenc^s stati sti cal 1 y different, thfey are 
educationally significant. Further, the PS and the CPS 
means were significantly different from the Control qroups 
means on all 16 PST ratinqs. Each of the ratinqs will now 
be discussed. 
Strategy Use 

The PS and CPS qroups used nearly three times as many 



strategies as the Control qroup cn the five problems. Not 



only did they use more ♦strategies, they used a greater 
variety of strategies- This finding is of particular 
impqrtance. Mathematics educators have searched for ways of 



the wanted- qi vers app-nach has predominated- The National 
Assessment results as wtall as findings from many studLe* 
suqqests that this approach has been ineffective. In this 



to be effective in helping sixth qrade pupils of all fbility 
levels learn to use problem solving strategies. Use of 
problem solvinq strategies was accompanied by significant 
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helping pupils solve word problems. 



Over the past 30 years 



study, the heuristic approach to 
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increases in problem solvinq performance. Knowledge of 
heuristics seemed to change the way students perceived the 
.problem solvinq task; they no longer expected to apply a 
rule but realized they could explore 'and understand the 
problem. When they performed a computation, it was not with 
the expectation that the answer would • necessarily be 
obtained but that information be obtained that would lead to 
understanding the problem and ultimately to a solution. 
Thev expected to make several exploratory moves in reaching 
a solution. They also realized that certain tools in the 
form of problem solvinq strategies were available. This was 
apparent from their comments durinq the PST interviews. They 
would say. "I think I'll try Guess an d Test." or "This looks 
like a Make a List problem." 

Most generalizations about the problem solvinq process 
have b-*en based on studies with older subjects, many at the 
college level. It may be the case 'tha^ixth grade pupils 
approach problem solvinq in a manner different from older 
students. Certain differences in the problem solvinq 
behaviors of the subjects in' this study need to be 
recognized. For these students, the use of exploratory 
methods seemed qui te important. While students typically 
sit and stare at t he^yat*"ob I em or give up immediately because 
they "Don't know what to-do.", a student with an explqratory 
mind set does not expect to ^ow what to do at first. In 
fact, h,*/she may not even understand the problem. This 
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raises an interesting point. When faced with a problem, 
understanding the problem may be the most important part a* 
the problem solving process and may not be achieved until 
near the end of the solution process. Based on the 
observations in this study, the following steps in problem 
solving of sixth qrade pupils arp suggested. 
Steps in probi em sol vi nq 

1 . Explore 

2. Formulate a tentative plan 

3. j Carry out the proposed pli*> 

« 

4. Try another approach as needed. 

5. Look back 

Our observations suqqe&t th^t for sixth qrade students, 
Po^ya's first two steps run toqether. " Rare.ly does a student 
understand the problem before he/she devises a plan. The 
problem solving strateqies serve as tool* for exploring 
which lead to understand! nq and the evolution of a solution 
plan. Exploration seems critically important for sixth 
qrade pupils and the strateqies are the tcol#s for this 
exploration. 

The use of the Dr aw a Diagram strategy was rarely 
observed during the PST. This may have resulted from the 
choice of problems. However, • Draw a Diagram was clearly 
appropriate and needed for proble.it number four, yet only two 
pupils used it. While there may nave been some unidentified 
confound, the use of this strategy was unpredictably low. 

- • * 

lis 



104 



If, in fact, elementary school pupils do not „spontaneousl y 
use Draw a Diagram is a problem solving strategy, 
instruction in this heuristic must be carefully considered. 
It may be that students need longer and specif ical ly 
designed instruction in order to become proficient in the 
use of this strategy. On the other. hand, cognitive level or 
spatial ability may play a role in use of Draw a Diagram. 
Yet, mathematics educators agree that' few heuristics are as 
powerful as Draw a Diaqram. Certainly, we must study the 
teaching and learning of this strategy. Pupils may not draw J 
diagrams because of the contrasting mode of thought 
required. The theory of hemispheric specialization suggests 
that Draw a Diaqram would elicit more .right hemisphere 
processing than other strateqies. 
Estimation 

The treatment subjects demonstrated more than twice as 

many i nstances-of estimation, durfrnq problem solving. While 

it 

subjects in the treatment qroup* were, on occasion, 
encouraged to estimate, little instructional time was 
devoted to this skill- It is likely that increased 
estimation resulted from e- ^loratian and use of specific 
strategies. if one explores, it is for a purpose and the 
work is evaluated. Furthermore,, Guess and Test as well as 
Look for a Pattern implicitly encour#ge estimation. Thus 
the increased estimation seemed to be a byproduct of 
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teaching the strategies rather than a result of direct 
instruction in estimation. 
Represfntat ion 

Building a mental representation of a problem seems 
central 'in problem soivinq. • Evidently, studying and using 
problem solving strateqies facilitate this constructive 
process. Subjects \m the treatment groups showed evidence 
of having a mental representation qf ' the problem more 
frequently tb^an those in the Control group. Often, persons 
do not consider a problem as solved until they have a mental 
representaion. . Otherwise,- there • is cognitive dissonance. 
Festinger (1957) has shown that a basic drive of man is the 
reduction of cognitive dissonance. Problem representation 
is an important topic for problem soivinq researchers to 
consider. 

» 

Used All Conditions 

This ratinq was a measure of whether subjects used all 
the explicit conditions in the problem. The Conditions 
score of both the CPS and PS qrofips.wai more than twice that 
of the Control group. Thus, the treatment had a profound 
effect on sixth qrade students' use of Conditions. One miqht 
*ay that the treatment subjects read more carefully. There 
were no differences between the CPS and PS groups. 

Problem five of the PST illustrates the meaning of this 
triable. Many subjects found a combination of coins with a 
value of $1.85 but ignored the condition that there, were 16 
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coins. Some treatment subjects initially 'made this error 
but frequently discovered their oversight by re-reading the 
problem during the solution process. 

Thin variable had the highest correlation with the 
Success score of any of the variables, indicating that using 
all the conditions was a .critical factor in problem solving 



success. Considering the importance of this variable, the 
fact that the treatment was effective assumes even greater 
■ignificance for the practitioner. Future research in 



Organization 

It is not clear why PS and ,CPS subjects appeared more 
organized. It may have been a function of their greater 
production. Yet one could argue that with greater 
production there is more opportunity for disorganization. 
In general the treatment subjects were not well organized 
even thouqh they were more organized than the Control* 
subjects. It is possible that using heuristic strategies 



induced an organisation effect. Maybe the subjects found 
they were more successful when they cfrganized their work. ^ 
The treatment teacher may have been effective in encouraqinq 
the students to organise their work. Because of the low 
level of organization exhibited by the subjects in this 
study, the results on this variable should be viewed with 



problem solving should consider this variable. 
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PI an 

As subjects were soivirftj the five problems of the PST, 
the two observers were lookinq for evidence of a plan- Some 
subjects proceeded to perform a series gf activities which 
seemed unrelated, there was no evidence of a plan. Others, 
1 n contrast , seemed to [now where they were qoi ng< what they 
would do ne::t. However, their steps were not proqrammed 
from the beqinninq as in rule applicaton but the ne;;t step 
depended on the results of previous moves. This latter 
'behavior was considered as evidence for planful behavior. 

The analysis of variance on the Plan variable revealed 
a Treatment i Ability 'interaction. This was a cample;; 
interaction caused, in part, by the reverse ordering of the 
planninq scoreb of the Nimv ability groups for Control 
subjects; the highest abiJiv qroup havinq the lowest 
planninq scores. Actual iv the three treatment means <H« ti, 
L) were quite similar. The spread of ability qroup means in 
the PS and CPS qr nups .much qreater, ThJs pattern of 

mean spread was observed on other variables, Success, 
Conditions, Calculator FY equency,/ arid Calclator Use- 
Another reoccurrinq pattern wa^ the lower performance of the 
low ability CPS qroup m comparison to the PS low ability 
qroup, This suggests that the low ability subjects using 
calculators did' not plan a* well as those low ability 
subjects studyiqa only heut tstic strategies. 
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Looking Bacl 

There was * dramatic difference in the aookinq buck 
behavior amonq the treatment qroups compared to the Control. 
The Control subjects rarely looked back while the subjects 
in either treatment qroup looked back frequently. This is a 
particularly incouraqinq result. Teachers have implored 
their mathematics students to label their answers, consider 
the reasonableness of the answer, and in qeneral reflect on 
their result. This approach has met with little success. 
Teaching heuristic strategies had the effect of stimulating 
lookmq bacK We can onlv speculate on the reasons for 
this. Since CPS and PS subjects had a higher Representation 
■core it is likely that thev had a better understanding of 
the problem. Thus when they -arrived at -a solution, they 
were interested in seeinq whether the answer matched their 
expectations. Other explanations are certainly possible and 
should be sought. \ * 

The h-iqher mean score of thet CPS qroup compared to the 
PS qroup is attributable to the performance of* the hiqh 
ability CPS qroupf they s>r .red quite -a bit hiqher than the 
other qroup*. It is not. surprising that the high ability 
group looted bact more frequently thfen other abi 1 1 ty qroups* 
out their per f or nan. e wrtS in contrast to the hiqh ability.PS 
qroup. It appe>r>! u that the calculator encouraged more 
lookinq bad . This ' suggest 1 on is tentative and must be 
verified by other 'studies before being accepted. 
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Confidence * 
. 

As each student finished each problem an estimate of 
confidence was obtained, Thy measure of confidence, based 
partially on ^the subir-rts <za] f -report , was essentially a 
Judqment decision- Thfe?re may have been experimenter bias 

r 

operatinq. There was a Treatment X Ability interaction far 
the Confidence variable- The low ability subjects did not 
differ in their confidence ratings irrespective of treatment 
group. For the other ability groups, the subjects in the 
CPS and the PS groups appeared more confident than Control 
group subiects- There wa«> no difference between the 
Confidence scores of the CPS and the PS groups. However, 
there was a difference between the score© of the male and 
female subjects overall y/with the males appearing more 
confident (p -ni)- This was the only one of the 16 
ratings on which there was a significant sex difference. 
Persi st ence 

Persistence was, in part, a juqment decision. There 
was a deqre^e of J oh jec 1 1 v 1 ty since Time influenced the 
ratinq- Subjects were rated hiqh on persistence if they 
explored the problem fullv to a solution. Some subjects 
just quietly performed ^ computation and wrote the answer 
obtained- They would be rated low on persistence. The PS 
and CPS qroups had si cm f 1 cant 1 / higher persistence ratings 
than the Control qruup. ""hus, v it appears as though the 
problem solving training contributed to greater persistence 
an the part of the subjects in this study. 
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Computet i onal Error 

Mar* computational errors were made by the PS group 
than either the CPS or the Control groups. The PS group had 
the most computational error© because they were the group 
that m per* ormed a large number of computations without a 
calculating device. The fact that they still performed 
relatively well in problem solving suggests that they were 
able to recover from many of these errors. The CPS and 
Control groups made about the same number of errors but for 
very different reasons,. The Control group made few 

computational errors because they performed few computations 
relative to the other groups. On the atherhand the CPS 
'group made few computational errors because they performed 
most of their computations on the calculator, especially 
complex computations. As might be expected, the loto abiliy 
subjects made more computational errors irrespective of the 
treatment qroup membership. 
Ti me 

The Treatment X Ability interaction for the Time 
variable resulted from the Performance of the high ability 
group; they tool- about the same time irrespective of 
treatment group. For the other ability groups, the PS group 
too* longer than either the CPS or the PS qroup. They tool-: 
longer than the Control qroup because they did much more 
work. The linn* di H er em t* between the PS and the CPS groups 
for "the middle and low ability grtoups would have to be 
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attributed to calculator effect. The hiqh ability PS 

subjects? did not r* are more tame than the CPS subjects; 

they were able to computes with paper-and-penci 1 efficiently' 

while the other ability groups in the PS Treatment required 

more time to complete the problems. *\ 
» 

Viewfed as a whole, these findings suqgest that the 

m 

calculator is helpful to students learninq to solve 
problems. Pupils are able to salve more problems in a given 
period of time and thus obtain more problem solving 
ex per i ence . 

Correct M ethod 

' 

The correct method score paralleled the Success score 

and the Correct Solution score. Since these two variables 

yielded the same results 1 here is nothinjq to be qained by 

breaking Success into the two co~mp~Onefvt-eL^_ In this study it 

would have oeen sufficient to have coded^ just Correct 

Solutions and not include a Correct Method score. This 

might not be the case in other studies. 

f 

Correct Solution w 

The Correct Solution score paralleled the Correct 
Method score and the Success' score. 
Calculator Use 

The pupils that used calculators durinq the treatment 
phase made much qreat^r use of calculators than students 
that did not h.wp them. All subjects had a calculator 
available durinq testing wijfh the PST. Yet many failed to 

1 or 
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use it,- even when they were struggling with a cample:-: 
computation. Many were brushing the calculator with their 
computing hand as they worked. Even though the week be-fore 
testinq the PS and Control subjects were trained to operate 
a calculator, they did not make as much use of it during 
testinq a* the subjects- in the CPS group. This suggest© 

that an extended period of time is needed to incorporate the 

* 

calculator as a thinking tool. 

In studyinq Figure 4 it became apparent that there was * 
a greater spread in the performance of the three ability 
groups within the CPS treatment qroup compared with the PS 
and Control groups. The distribution of the ability group 
means suggests that calculator experience led \o a more 
divergent performance of the three abi 1 ity .groups within the 
CPS treatment qroup. This pattern can bje generalized by 
saying that pupils benefited from calculator experience in 
relation to €heir ability; the higher the ability,, the more 
they benefited from calculator use. The more capable CPS 
subjects showed concomitantly higher problem solving 
performance. 

When the 1 ow abi 1 x t y CPS subjects" performance i © 
viewed in relation to tht other ability and treatment 
groups, a potential calculator interference hypothesis is 
suggested. Rather than profiting from calculator ujie, the 
low ability subjects in this study seemed to be adversely 
effected by usinq calculators. This findinq , is in sharp 
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contrast with the statement by some that calculators will be 
particularly beneficial to low ability students because of 
±heir weak computational skills. These results suggest 
that, on the contrary, at least in the short term, 
calculators alone will not make problem solvers of low 
achieving pupils. 

A longer treatment period could produce different 
results; In this study the pupils used calculators for only 
half of a year* This may have been too brief a time for 
slow learners to incorporate the calculator *s a problem 
solving tool. In fact, an interference hypothesis seems 
tenable. That is, the low achievers may have had difficulty 
learninq two hew thinqs at once:; calculators and problem 
solving strategies- The tasl* complexity may have been too 
qreat for these students. The low achievers did profit from 
the treatment: they .^utscored both the middle and high 
ability subjects in the Control groups. The interference 
hypothesis is further supported by the qroup performance 
patterns for other ratinqs, particularly. Strategy Use, 
Representation, Conditions, and Plan, Low achievers may 
need more time to assimilate new methods. Over a longer 
period of time, calculators may in fact be facilitative fgr 
low ability students. They can learn to use problem solvinq 
strategies and when they learn to use calculators, the 
combined effect should be helpful. 
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Interrelationship of Pgr Variables, 

The factor analysis of the 16 PST variables revealed 
that most of the variables loaded on the same factor. The 
exceptions were Computational Error, Time, Calculator 
Frequency, and Calculator Use. This could be interpreted to 
mean that the variables loadinq on the major factor were all 
measuring the same thinq; qeneral problem solving ability. 
Subjects that used many and varied strategies were the same 
subjects that built a mental representation of the problem, 
made a plan, estimated, looked back, were confident, were 
wcpBT^i stent , and were therefore successful. The cluster 
consisting of Strategies, Representation, Conditions, Plan, 

\and Lookinq Back were highly interrelated. 

\ 

ftbility Group Differences '" 

For each of the th^ee ability groups, the CPS. and PS 
groups showed qreater problem solving success compared to 
the Control qroup. At the beginning of the study, several 
teachers expressed concern that problem^ solvinq was too 
difficult for their students and that they would not be able 
to solve the problems- As the semester progressed, it 
became apparent that this was* not the case. , In fact, those 
same teachers became outsuoten in support of the problem 
solving activities for the low ability students. In the PS 
group there was little difference in the meaq performance of 
the low and middle abi lit/ groups. 
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Summary 

, Teaching sixth grade pupils to solve problems using 
specific heuristics was clearly effective. These pupils^ 
whether they used calculators or not, became v much_jriory 
proficient in solving nonroutine problems. They had more 
problems correct, used more strategies, and in general were 
more aware of their thinking as they approached a difficult 
problem. generally, they were more confident and exercised 
more options in attacking a problem. While not all pupils 
in the treatment groups learned to solve mathematics 
problems efficiently, pupils of all ability levels showed 
progress; it is not only the high ability chijd that can 
become an effective problem? solver. However, several 
important questions remain. Will this level of problem 
solving performance be maintained over time? Will it effect 
scores on standardized achievement tests? Will the training 
transfer to standard textbook problems or, more generally., 
be reflected in future academic performance? Other studies 
should consider these questions. 

Certain problem solvinq heuristics were more easily 
learned by sixth qrade pupils than others. Students in this 
study quickly picked up on Guess and Test, Look for a 
Pattern, and Make a Li<5?t, while not using Draw a Diagram as 
frequently. Great difficulty was encountered in learning to 
sol ve a si mpler probl em, probabl y because one must 
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understand the abstract 'structure of tha problem to use this 
heuristic. Quite surprisinqly, sixth grade pupils rarely 
wrote an equation in solving problems. While elementary 
school children can be tauqht to write equations in response 
to specific stimuli, the evidence from this study suggests 
that they do not assimilate equation writing as a problem 
solvinq heuristic. 

It appears to the investiqators that a key to learninq 
to solve mathematics problems is developinq an exploratory 
mind set. Children seem to learn a rule oriented mind set 
in school which inhibits successful problem solving 
performance. Once a child learns that it is acceptable to 
explore a problem, to make a decision, and to decide how to 
proceed, he or she is well on the way to becominq a 
successful problem' solver. This observation may not 
generalize to older persons. 

The effect* cH calculator use durinq problem solvinq 
were left* obvious. The hard data show that children using 
calculators required siqm f icantly less time to solve 
problems and made fewer cofrvputati onal errors. It appears 
that considerable time <a bemester or lonqer for some 
students) mav be required to incorporate calculators as a 
tool in problem solvinq. Over the 18 weeks of thi* studv 
the low ability pupils did not seem to learn to us© 
calculators fluently, in fact, the calculator seemed to 
interfere with their problem solvinq performance. The high 
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ability problem solvers profited most from calculator use. 

- There seems to be qrea^ potential in improving the 
problem solvinq performance of elementary school pupils. 
Teachinq problem solvinq heuristics is one effective way to 
build problem solving competence. By beconrunq qood problem 
solvers, children may be acquinnq knowledge which can be 
useful in a broad ranqR of' activities. As Greeno (1980) 
arques, the thought processes needed in solvinq nonroutine 
problems' is not different from the processes necessary to 
solve well^ structured problems. Thus problem solvinq 
ability may improve a person's ability to function 
effectively in a broad range of endeavors. 
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PROBLEM NUMBER 1 



NAME 

STUDENT NO. 



THE SUM OF TWO NUMBERS IS 33. 
THEIR DIFFERENCE IS 15. 
WHAT ARE THE TWO NUMBERS? 



V 



ANSWER 
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NAME _____ 
PROBLEM NUMBER 2 STUDENT NO. 

TIM IS READING A 216 PAGE BOOK. 

THE TABLE BELOW SHOWS HIS READING SCHEDULE. . 

HOW MANY DAYS' WILL IT TAKE TIM TO READ THE BOOK? 



* 

DAY 


PAGE NIIMRFR AT FNT1 OF riAY I 


DAY 1 


COMPLETED PAGE 12 


DAY 2 


COMPLETED PAGE 29 


DAY 3 


COMPLE i lD PAGE 46 


DAY H 

i 
• 
• 


COMPLETED PAGE 63 

> 

• 

r 

t 
i 



ANSWER 



NAME 



PROBLEM NUMBER 3 



STUDENT NO. 




NOTEBOOKS COST $1.57 EACH, 

HOW MANY CAN YOU BUY WITH $20.00? 

HOW MUCH CHANGE WILL YOU HAVE LEFT? 



ANSWER 
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PROBLEM NUMBER 4 



NAME 

STUDENT NO. 



PAUL HAS A SWIMMING POOL IN THE SHAPE OF A RECTANGLE, 
IT IS 51 FEET LONG AND 23 FEET WIDE. 
THERE IS A WALKWAY 3 FEET WIDE AROUND THE POOL. 
WHAT IS THE LENGTH' OF A FENCE AROUND THE WALKWAY? 



ANSWER 
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•PROBCEM NUMBER 5 



NAME 

STUDENT NO, 




MARK GETS A WEEKLY ALLOWANCE. 
HE ALWAYS GETS 16 COINS WHICH TOTALS $1.85. 
EACH WEEK HE GETS ONLY NICKELS, DIMES AND 
QUARTERS. EACH WEEK HE GETS A DIFFERENT 
COMBINATION OF COINS. FIND AT LEAST 
TWO DIFFERENT COMBINATIONS MARK CAN GET. 

CAN YOU FIND OTHER COMBINATIONS? 

EXPLAIN YOUR ANSWER. 

IF SO, WRITE THE COMBINATIONS YOU FIND. 



ANSWER 
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Interview Codinq Form 
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Student No. 
Problem No. 



CODING FORM 

Boy 



Date of Interview 



CORRECT STRATEGY USED AND 
VARIETY OF STRATEGIES USED 



Type of 
Strategy 



Guess and Test 



Draw a Diagram 



Make a List 



Simplify 



Breaks ^to Part 



Look for Pattern 



Write on Equ^tior 



Other/Others 



TOTAL 



No. 
Used 



" OF gALCULAT6!T 



COMMENTS 



Time; 



No. Used 
Correctly 



Strategy 

Girl 

Success 
Estimation 

Computational 
Error Score -Representation 
'Frequencies Total used All 

Conditions 



Correct Solution 
Score 



Correct Method 
Score 



1 
2 
3 
4 

5 



Organization 6 

Plan 7 

Looking Back 8 

Confidence 9 

Persistence 10, 

Computational 

Error 11- 

Correct 
Solution 12. 

Correct 
Method 13. 

Time 14. 

Calculator 
Frequency 15. 

Calculator 

• Use 16. 



Vi*i& subject*:*, picture taken? 
q Yes No number 
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Definitions of Interview Ratings 



Strategy (0- ) 

JUfprt^ 6 !? SC ° r w iS ^ hG SUm of the number of strategies 
tried and the number of strategies used correctly for each 

S2 li : t u° f strate ^es include Guess and Test? 

SrfL 7™: Make , a List ' Simplify, Look for a Pattern, 
write an Equation and a category named Others. 

Correct Solution (0, 2, 4) 

S su !^ect arrives at an incorrect solution. 

2 The subject arrives at one of the correct solutions 

on a two-part problem. 
4 The subject arrives at the correct solution to 

the problem. 

Correct Method (0, 4) 

0 The subject does not use an appropriate method. 
4 The method or processes used were correct and 

complete except possibly for computational error (s) . 

Success (0, 4, 6, 8) 

The Success Score is the sum of the correct solution 
score and the correct method score for each problem. 

Estimation (0, 1, 2) 

The Estimation' Score is a measure of observed estimation 
use on each problem. 

0 No estimation is observed. 

1 Some evidence of an attempt to estimate is observed. 
i The subject makes reasonable estimates. 

Representation (0, 1, 2) 

The Representation Score measures the extent to which a 
subject developed some understanding in his mind of the 
problem's structure. 

0 The subject shows no evidence of building a 
representation; subject merely operates on the 
given numbers without understanding the problem. 

1 Subject develops a representation, but it is not 
complete and correct-. 

2 Subject develops an appropriate representation that 
leads to the correct solution method. 

Conditions (0, 1) 

The Conditions Score measures the extent to which the 
conditions of the problems are used. 

0 The subject fails to use all the conditions in ' 
the problem. 

1 The subject utilizes all the necessary explicit 
and implicit conditions in the problem. 
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Definition of Interview Ratings (continued) 



8. Organization (0, 1, 2) 

The Organization Score measures the extent to which a 
subject arranged and ordered his/her written work on 
the problem. 

0 Written work lacks any organization. If numbers are 
written, they are in a haphazard way. 

1 Written work is partiariyorganized. Student attempts 
to order his/her work/in some useful way. J 

2 Written work is well 'organized with sequencing, 
ordering, and labeling of parts. 

9. Plan (0, 1, 2) 

0 There is no evidence that a plan was formulated. 

1 There is evidence of some degree of planning but 
the subject does not have an over-all plan. 

2 The subject works purposefully, following an 
orderly set of steps and/or trials. 

10. Looking Back (0, 1, 2) 

The Looking Back Score measures the subject's attempt to 
verify or check the step(s) of the solution process. 

0 The subject makes no attempt to check computations 
or processes. 

1 Some evidence of an attempt to look back is observed. 
Subject checks one or more computations. 

2 Subject considers the reasonableness of the answer 
and the procedures used. 

11. Confidence (0, 1, 2) 

The Confidence Score measures the degree of confidence 
the subject has in the process and the solution itself. 

0 No confidence. Perhaps he/she cannot arrive at a 
solution or his/her answer is more of a guess. 

1 The subject arrives at a solution but still feels 
unsure about his/her work. 

2 Subject seems sure that he/she has the correct solution. 

12. Persistence (0, 1, 2) 

0 Subject gives up easily; stops without success. 

1 Subject works on the problem for awhile and then either 
gives up or just writes any number as the answer. 

2 Subject probes deeply into the problem, even if 
unsuccessful. 

13. Computational Error (0- ) 

The Computational Error Score is the sum of the computa- 
tional errors in the problem. 

14. Time (0- ) 

The Time Score is the number of minutes the subject 
spent on the problem from the moment he/she begins to 
read the problem aloud to the moment he/she wrote an 
answer in the box and ceased to work on the problem. 
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Definition of Interview Ratings (continued) 



15. Calculator Frequency (0, 1, 2, 3, 4) 
The Calculator Frequency Score is the number of 
computations performed on the calculator. 

0 No calculator use 

1 1-3 uses 

2 4-7 uses 

3 8-11 uses 

4 12 or more uses 

16. Calculator Use (-1, 0, 1, 2) 
The calculator Use ScorQ is a measure of the quality 
of calculator use. 

-1 The calculator misled or confused the subject. 

0 No use of the calculator 

1 Hie calculator is used for only a few computations. 

2 The calculator is used to perform most complex 
computations and it played an important role in 
the solution process. 
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APPENDIX D 
Attitude Inventor!** 



1 



FRir 



NAME 



Example: For each pair of words below place 
an X on the blank that best tells 
how you fee I about-- 

SNOW 

I i ke : : : hate 

cold : : ; : hot 

work : : : : p lay 



Directions: For each pair of words below 
place an. X on the blank that best tells 
how you feel about-- ' 

CALCULATORS 



bad 
sad 
bor i ng 

jump in 
hard 



more 



good 
happy 
exciting 



ho Id back 
easy 

ess 
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rections: Read each question and fill 

the space below your answer. 



Is there at least one calculator in 
your home? 

VCC Kin 

o o 

Are you allowed to use a calculator 
at home? * 

YES NO 

o o 

Do you think yoiTwould do better in 
math if you used a calculator? 

'YES NO DON'T KNOW 

o o o 

Do you have a calculator of your own? 

YES NO 

0 0- 
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Example: For each pair of words below place 
an X on the blank that best tells 
how you feel about — 

SNOW 



like 
cold 
work 



hate 

hot 

play 



Di recti ons: For each pair of words below 
place an X oh the blank that best tells 
how you feel about — 

MATH 



bad 
sad 
bor i ng 

jump in 
hard 

more 



good 
happy 
exc*i t ing 

ho I d back 
easy 

I ess 
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Append 1 . fcl 
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Schedule of Activities for 
Fall Semester, 1980 and 
Spring Semester, 1981 



PS Group 




5 classes 


Pretest Wk. 1-2 


Aug. 25 - 


- Sept. 12 






Teaching . 




problem solving 


Weeks 3-7 


r 


Sept. 15 


- Oct. 17 



Teacher 
Orientation 
Aug. 25. Week 1 



CPS Group 
7 classes 
Pretest Wk. 1-2 
Aug. 25 - Sept. 12- 



Introduction to 
calculator 
Week 1-2 

Aug* 25 - Sept. 12 



P.S. with Calculator 
treatment 

Teaching techniques 
of P.S. Weeks 3-7 
Sept. 15 - Oct. 17 



Mixed practice with j 
techniques of P.S. ' 
Weeks 8-17 i 
Oct. 20 - Jan. 9 X 



Control Group 
6 classes 
Pretest Wk, 1-2 
^Aug. 25 - Sept. 12 



6th grade 
math 

curriculum 
18 weeks 
Sept. 15 - Oct. 17 



l- — 

i 


Post Testing 

Week 18 
Jan. 12 - 16 


\ ' 


1 > 
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Interview Students 
34 from each of the three treatment groups 
Weeks 19 - 27 
Jan. 19 - March 19 , 



Interview 
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Student 
Teacher 



Date 



COMMENTS : 



School 



Evaluator 
(1 low, 5 high) 



5 
4 



1. Motivation 12 3 4 

2. Grasp of P.S. 12 3 

3. Strategies used: 

G&T DD ML S P 

4. Strategies uted correctly: 
G&T DD ML S P 

5. Other strategies used (list)? 

6. Looked back? Yes m No 

7. Used calculator: 
How? 

How much? 

8. Time on task % 



9. Was the work organized? 

10. Follow directions? . 

1 2 3 4 5 NA 

11. Interaction with teacher 
1 2 3 4 5 NA 

12. Interaction with peers 
1 2 3 4 5 NA 



Classroom atmosphere, class activities, other pertinent information. 
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